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Fg H E Mathematical Elements of 
Natural Philoſophy confirm'd by 
Experiments, which I publiſh'd 
a few Tears ago, were deſion'd 
for the Uſe of my Pupils. In 
Theſe not only the Experiments, by which 
the Propoſitions are either proved, or made 
manifeſt, are exattly expounded, and the 
Draughts of the Machines, by means where-- 
of theſe are made, are exhibited; but alſo 
what is to be obſerved in making the 
Experiment, is related as carefully as 


Poſſible. 


ALTHOUGH all this ſeems little 
neceſſary to my Pupils, before whom the 
Experiments themſelves are demonſtrated 
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in my annual Courſe, yet I thought it would 
be of great Uſe to them, if they could at 
any time recal to Memory thoſe Experiments 
which they had ſeen ; and alſo that a Trea- 


tiſe of this Kind would be acceptable to the 
World. 


BUT herein I have been conſtrain'd to 
make Choice of a Form, «hich, by reaſon 
Y its Bulk, ts not ſo convenient for the 

e that Elements are chiefly deſign'd : And 
therefore I have now taken Care that the 
fame things ſhould be printed in a leſs 
Bulk, that whilſt my Pupils recal to Me- 
mory what is contain'd in the Treatiſe al- 
ready publiſhed, and which ] had demonſtra- 
ted vefore, they may have, in a portable 
Volume, the Natural Philoſophy which I 
explain in private and public Lectures. 


BUT in order to reduce the Elements 
aforeſaid to this Form, I Ha obliged ſo to 
change them, that preſerving the ſame Ti- 
tle, I durſt not make this Book leſs. 


THERE is no mention made here of 


the Experiments by hich the Propoſitions 
elſewhere demonſtrated, are confirmed or 


illalſtrated Hut only ſo much is ſaid of 


thoſe, by which ſome things are diſcover'd 
relating to the Laws of Nature, as is ne- 
ceſſary to under ſtaud the Concluſions dedu- 
ced from them. Still whenever an Expe- 
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riment it exhibited to my Pupils, I note it 
thus (Exp.). 


AND leaſt this Book ſhould grow to0 
large, de refer gur Reader to the Scholia 
which are in the ſecond Edition of our E- 
tements aforeſaid, whenever a difficult Pro- 
poſition is to be demonſtrated : for a bare 
Recital of thoſe difficult Propoſitions is ſuf- 
ficient for young Beginners, to whom theſe 
Elements are principally deſizn'd. But as 
our ſecond Volume of Elements has not yet 
undergone a ſecond Impreſſion, we have 
been obliged to give, in the third and fourth 
Books of this Treatiſe, the Scholia not as 
yet publiſhed. 


I HAVE explaind the Theories of 
Forces, Percuſſions, Re ſiſtances and Re- 
tardations of Bodies moved in Fluids, ac- 
cording to the Principles laid down (and 
more enlarged) in the ſecond Edition of 
the firſt Volume of the Elements of Natural 
Philoſophy. I have alſo added ſomething 
new concerning Percuſſion, in order to 4 
fuller Knowledge of that Matter. 


BESIDE S theſe Alterations, which 
are indeed the chief, many other things in 
the preſent Edition are better explain d. 
And it is no wonder if a Science confin'd ſo 
long to uncertain Hypotheſes, ſhould con- 


tinually be improved at this time, when the 
| A 3 true 


— 
g_ 


ſervealy call'{Newtonian Philoſophy, where- 


"The PREFACE 


true Method in diſcovering Truth in Na- 
tural Philoſophy bas had ſo many illuſtri- 


ous Patrons. 


AND though I have nat follow d the 
Opinion of Sir ISAAC NEWTON ix eve- 
ry thing ; and notwithſtanding there are 
many Inventions of other Perſons contain'd 
tn this our Treatiſe; yet I have not ſcru- 
to call it the NEWTONIAN PHI- 
LOSOPHY. 


THE worthy Theories of Sound, which 
this excellent Perſon, and Prince of Phi- 
loſophers, firſt laid down; his Diſcoveries 
concernins Colours, deduced from a moſt 
ſubtile Perſpicuity of Genius, with indefa- 
tigable Labour; correcting innumerable 
Errors of former Philoſophers : What by 
the Strength and Extent of his Genius he 
has found out concerning the Cauſe of the 
Celeſtial Motions, with many other things 
invented by this great Man, «hoſe Name 
can be never enough celebrated by the inge- 
uuous Admirers of true Philoſophy, are ex- 
Plain d iu this Treatiſe; ſo that the greater 
Part of this Work is owing to this inge- 
#uU0us and candid Scrutator of Things. 


EV N for another Reaſon the Subject 
of this Book is fitly calld the NES To- 
NIAN PHILOSOPHY; for that ts de- 
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in Concluſions are deduced from Phenomena, 
and Hypot heſes rejected; ſince no Body be- 
fore Fir Is AAc NEwTON chaſtly fol- 


low'd this Method, far from propoſing to 
follow it in all things. | 


T F the Works of thoſe, though illuſtri- 
ous Philoſophers, and to whom Philoſophy 
ig much indebted, who by ſome are called 
Predeceſſors as it were of Sir IS AAC 
NEWTON i this Philoſophy, be duly 
examin'd; it will appear that they did 
not think the Fiftion of Hypotheſes was 


entirely to be rejected out of Natural 
Philoſophy. 
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EXPLANATION 
Newtonian Philoſophy. 
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BOOK I. 
PART I. Of BOD 7 in General. 
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ENA. 


Of the Scope of Natural Philoſophy, and the 
| Rules uſed therem. 


N 


ATURAL PHILOSOPHY treats of Na- 
tural Things, and their Phenomena. 


; Dzrini1Tion I, and II. 


| Natural Things are all Bodies ; and the Aſſemblage t. 
of them all ig called the Univerſe. 


DEriINITION III. 


Natural Phœnomena are all Situations, and all Mo- 2. 
tions of Natural Bodigs not immediately depending upon 
the Action of an intelligent Being, and which can be ob- 
ſerv'd by our Senſes. 5 

We do not altogether exclude out of the Number 
of Natural Phenomena, thoſe Motions which happen 
in our Bodies by our Will. For here we are to di- 
ſtinguiſh thoſe that depend upon the Mind, from thoſe 
that are to be attributed to other Cauſes. Thoſe 
Actions performed determinate Ways in determinate 
Times, ought to be aſcribed to the Will, and have no 
Regard to Natural PT: But ſuch as wn = 

uc 
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duced by the Motions of the Muſcles, whoſe Action 
depends upon anotherMotion, are Natural Phenomena. 
And the Motions arifing from the immediate Ope- 
rations of the Mind, entirely unknown to us, are not 
Natural Phenomena. 

All theſe Motions are performed by certain Rules, 
and always ſubject to the ſame invariable Laws. 

The Sun riſes and ſets daily, and the Time of his 
riſing and ſetting may always be found at a given 
Time of Year in a given Latitude. Plants of the ſame 
Kind, under the ſame Circumſtances, are always pro- 
duced and grow after the ſame Way, and the like in 
other Caſes. Even in thoſe things which appear to us 
entirely fortuitous and uncertain, there are doubt- 
leſs certain Rules obſerved, which, upon Trial, will 
become manifeſt. 

Natural Philoſophy explains Natural Phenomena 
that is, treats of their Cauſes. | 

When weenquire into theſe Cauſes, Body in general 
is to be firſt examined ; and then the Rules by which 
the Creator was pleaſed to perform all Motion. Theſe 


 Kules are called Laws of Nature. 


DErINITION IV. 


A Law of Nature therefore is a Rule by which Cod 
has been pleaſed to perform always certain Motions upon 
all Occaſions. | 

Conſequently a Law of Nature in regard to us, is 

Effect, being the ſame on all Occaſions, whoſe 
Cauſe is unknown to us, and which we cannot per- 
ceive to proceed from any Law that we have Know- 
ledge of; tho? perhaps it may flow from ſome more 
ſimple Law, of which we are ignorant. The Laws 
of Nature cannot be obtained but from an Examina- 
tion of Natural Phenomena. 

By means of Laws this diſcovered, other Pheno- 
mena muſt be explained. 

And in order to find out the Laws of Nature, it 
is proper to obſerve the following Rules of Sir 
l/aac Newton. 


RvLE 


of the Newtonian Philoſophy. 3 


Ru LE I. 


We are not to admit more Cauſes of Natural Things 6. 
than ſuch as are true, and ſufficient to explain their 


Phenomena. 
RuLE II. 
Natural Effects of the ſame Kind have the ſame Caiiſe. 7. 
RuLe III. 


Such Dualities of Bodies whoſe Virtue cannot be 8, 
increaſed or diminiſhed, and which belong to all Bodies 
whereon Experiments may be made, muſt be eſteemed 
as Qualities of all Bodies. 


CHAP. I. 
Of BO DT General. 


T H E firſt Thing that offers to be conſidered in 9. 
Body, is its Extenſion. 

We have almoſt always the Idea of Extenſion, it 
being the moſt ſimple poſſible, and therefore is not 
to be deſcribed in Words. 

All Body is extended, and if the Extenſion of a 
Body be taken away, the whole Body 1s taken away 
at the ſame Time. 

Yet every thing extended is not Body, but the 
Difference between Body and Space cannot be deter- 
_ without firſt examining other Properties of 

The ſecond Thing that offers upon conſidering Bo- 10, 
dy, is the Solidity thereof. When Body is reſtrained 
from moving, it excludes all Bodies whatſoever from 
the Place occupied by it; even fluid Bodies, as well 
as the moſt hard, are endued with this Property. 

The third Property of Body is Diviſibility; its Di- 11, 
viſibility proceeding from its Extenſion : For we may 
always ſuppoſe one Extenſion leſs than another; from 
whence it follows that in all Extenſion we can con- 
ceive there are Parts, which Parts in Body may be 
ſeparate from one another, becauſe, 
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12. 


13. 


14. 


15. 


tion of the Poſſibility of the Thing. 


An EXPLANATION 
A fourth Property of Body is, that it may becar- 


ried from Place to Place, and ſo is ſaid to be mov- 


able, and will preſerve its Motion by its Force of 
Attivity. 

When there is no Hinderance, a Body will yield 
to the leaſt Force; yet there is a greater Force re- 
quired to carry a Body in a leſs Time to the ſame 
Diſtance, or in the ſame Time to a Greater, as like- 
wiſe to move a greater Body than a leſs, if the Con- 
veyance be the ſame : Therefore a Body at Reft reſiſts 
Motion, not while it is at Reſt, but while it is agitated ; 
and for this Reaſon a Body is inactive ( /nertia) or is 
ſaid to have Inactivity; which in all Bodies is propor- 
tional to the Quantity of Matter in them Becauſe 
every Particle of the Matter of which the Bodies con- 
ſiſt is endued with this Property. 

Every Body is endued with ſome Figure; viz. ca- 
pable of ſome Shape or other, becauſe it is bounded. 

The Figure may be changed, becauſe a Body may 
be reſolved into Parts, which being movable, may 
be diſpoſed in various Orders, in regard to each other. 


CHAP. IL 
Of Extenſion, Solidity and à Vacuum. 


ER E the Queſtion ſo often handled by the 
Learned, concerning a Vacuum, is to be diſ- 
cuſſed; viz. Whether there be an Extenſion void 
of all Matter, which is called a Vacuum, an Empti- 
neſs, or mere Space. | 
That there is really a Facuum, is proved from 
Phenomena ;, and therefore this Propoſition ſhall be 
treated of more at large in the fourth Book. 
The Poſſibility of a Vacuum appears from the bare 
Examination of our Ideas : For, whatever we conceive 
to be poſſible may exiſt. For if in what Tong ſo- 


ever there be ſomething given impeding the Exiſtence 
of it, the Idea of the Impediment is contained in the 


Idea of the Thing, and is the Cauſe of the Concep- 
Theres 
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Therefore the Queſtion is no more than this; 
viz. Whether we have an Idea of Extenſion that is 
not ſolid ? 

It is from the Touch that we acquire an Idea of 
Solidity : we feel that ſome Bodies reſiſt us, and in- 
deed thoſe Bodies that hinder us from deſcending 
downwards, are always reſiſting us ; from which Re- 
ſiſtance it appears that a Body excludes every other 
Body from the Place which itſelf poſſeſſes ; that is, 
it appears that a Body is ſolid, which Idea of Solidity 
we transfer to thoſe more ſubtile Bodies which eſca 
other Notice, by reaſon of the ſmallneſs of their 
Parts: and we find by Experience, that even theſe 
as well as the hardeft, reſiſt other Bodies. Ki 

The Air in which we live almoſt always eſcapes 
our Sight and Touch ; yer for all this, in a Syringe 
well ſtopped at the End, it reſiſts the Piſton ſo much 
that even the greateſt Force is not able to thruſt it 
to the bottom of the Piſton. (Exp.) 

The Idea of Solidity is not indeed contain'd in 
the Idea of Extenſion, that only follows from Contact, 
but we may get this without it: For if any one had 
never touched a Body, he never would have had an 
Idea of Solidity. 

Let any one obſerve an Image projected in the 
Air, or repreſented by the Means of a concave 
Speculum, between the Object whoſe Repreſentative 
it is, and that Speculum ſuch an Image does not re- 
ſiſt, and yet it appears to be a Body as denſe as the 
Object itſelf ; for the Colours of the Image may ap- 
pear more vivid than thoſe of the Object. (Exp.) 


Conſequently, if a Man had never ſeen any thing 


elſe but thoſe Images, and his own Body was like 
ſuch an Image, could he have any Idea of Solidity ? 
It does not appear that he could, and yet he would 
certainly have an Idea of Extenſion. 

We do not here take upon us to tell what ſuch an 
Image is, our Diſpute being only about Ideas. 

The Difference between Space and Body does not 
wholly conſiſt in a Privation of Solidity. 
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Space is Infinite, and uncapable of Bounds, as plain- 
ly appears from an attentive Conſideration thereof ; 
fr no Space can be conceived bounded, whoſe Bounds 
will not be ſurrounded with ſome other Space, and 
the Idea of an extended Body circumſcribed with 
Bounds, and not furrounded with ſome other Space, 
evidently deſtroys itſelf. Wherefore the Bounds of 
Space, if we regard the whole Space, do imply a 
Contradiction; but there are finite Bodies infinite in 
Number. TL 

We plainly ſee that Space has Parts, but they can- 
not be ſeparated ; they are immovable as Space itſelf : 
But the Parts of Body are capable of Separation. 
The Idea of Space is exceeding ſimple; but that of 
Body is more complex. | | 

Solidity is by ſome called Impenetrability, and they 
endeavour to deduce it from the nature of Extenfion ; 
for Example, one cannot add one Cubick Foot of Ex- 
tenſion to another Cubick Foot of Extenſion, without 
having two Cubick Feet; for each of them has all 
that 15 required to conſtitute that Magnitude. There- 
fore one part of Space excludes all others, and can- 
not admit them. | 

An wer. It would imply a Contradiction to ſup- 
poſe one Part of Space to be conveyed to another; 
therefore it follows from the Immobility of the Parts 
of Space, and not from the Impenetrability or Soli- 
dity, that two Parts of a Space cannot be ſeparated. 


CHAP. Iv; 


Of the Diviſibility of Body ad Infinitum, and 
of the Subtility of the Particles of Matter. 


H E Extenſion of Body implies its Diviſibility; 
1 that is, Parts may be confidered in it. 

Yet the Diviſibility of Body differs from the Divi- 
ſibility of Extenſion, for its Parts may be ſeparated 
from one another. But as Indiviſibility depends up- 
on Extenſion, it ought to be examined under the con- 
lideration of Ex tenſion. n 
. | Body 
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Body is Diviſible ad infinitum ; that is, you cannot 
conceiye any Part of its Extenſion ſo ſmall, but there 
ſtill may be a ſmaller. 


7 
20, 


Let there be a right Line A C, perpendicular to 21. 


B F, and another as GH at a ſmall Diſtance from 
A, alſo perpendicular to the fame Line. With the 


Centers C, C, Cc. and Diſtances C A, C A, Sc. let !. 
Circles be deſcrib'd cutting the Line G H, in the © 


Points e, e, Cc. the greater the Radius AC is, the 
leſs is the Part eG: The Radius may be infinitely 
augmented, and therefore the Part e G infinitely di- 
miniſhed, which nevertheleſs will never become no- 
thing; becauſe the Circle can never coincide with the 
right Line B F. 

Therefore the Parts of any Magnitude may be 
infinitely diminiſhed, and there is no End of the 
Diviſion. 

Alſo a greater Paradox may be deduced from this 
Demonſtration; for it is evident from it, that the 


mix'd Line Angle which the Circle makes with the 


Tangent, can be infinitely diminiſhed, and yet this 
Angle, though infinitely (diviſible, is leſs than an 
Right-Lin'd Angle (16. 3. Elm.) and a Right-Lin*d 
Angle, infinitely diviſible like all other Quantity any 
how changed, will always exceed all the mix'd Line 
Angles aforeſaid. - | 
Therefore an infinitely ſmall Part of any Quantity 
whatſoever infinitely divided, is litewiſe infinitely di- 
viſible. This may be proved by an innumerable Num- 
ber of other Mathematical Demonſtrations. | 
We have alſo demonſtrated in the Scholiums to our 


22, 


23. 


Elements, that there are infinite Numbers of Claſſes of 


tbe infinite Diviſion of Quantity. 

It follows from the Diviſibility of Body, that any 
the leaſt Particle of Matter, and any finite Space how 
large ſoever being given, it is poſſible that the ſmalleſt 
Sand or particle of Matter ſhall be ſo diffuſed through 
that great Space, and fill it, that no Pore ſhall be in it 
whoſe Diameter ſhall exceed the leaſt given Line, In 
order to demonſtrate which, we muſt conceive the 


B 4 Space 


24. 


55 


25. 


26. 


28. 
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Space to be filled up, divided into ſmall cu bica 
Cells, whoſe Sides are equal or leſs than the ſmall 
given Line: The Number of the Cells will be finite, 
and the ſmall Sand may be divided into juſt as many 
Parts as there are Cells; ſo that we may conceive one 
Particle to be in every Cell: We are moreover to 
conceive, that a hollow Globe may be formed out of 
each of the ſmall Particles. Then becauſe of the Di- 
viſibility of Matter, the hollow Globe may always 
be augmented by diminiſhing the Thicknefs of the 
Matter, and becauſe we can have ſuch a Globe inever 
Cell, each of them may be augmented until choſe 
that are near mutually touch one another; ſo that all 
of them together may fill up the Space. 

The chief Objections againſt the Diviſibility of 
Matter are, that an Infinite cannot be contained in 
a Finite: That from a Diviſibility ad infinitum, it 
follows that all Bodies are equal, or that one Infinite 
is mer than another. 

ut it is eaſy to anſwer theſe ; for we muſt not at- 
tribute the Properties of finite and determinate Quan- 
tity to an infinite Quantity. Who has ever proved 
that in a finite Quantity there cannot be an infinite 
Number of infinitely ſmall Parts; and that all Infi- 
nites are equal? Mathematicians have demonſtrated the 
Contrary, by innumerable Inſtances. 

If upon conſidering the poſſible Diviſions of Mat- 
ter, we bring the Subtility of the Parts of Bodies un- 
der Examination, it will appear to exceedingly ſur- 
paſs our Comprehenſion; and there are innumerable 
Inſtances in Nature of ſuch Parts really ſeparated from 
one another. 

Mr. Boyle has proved this by ſeveral Examples. 

He tells us of a ſilken Thread, 300 Yards long, 
that weighed but two Grains and a half. 

He meaſured Leaf-Gold, and upon weighing it, 
found that 50 ſquare Inches weighed but one Grain. 
If the Length of an Inch be divided into 200 Parts, 
they may all be diſtinguiſhed by the bare Eye; and, 
conſequently, in one ſquare Inch there are 40,000 

( viſible 
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viſible Parts, and in one Grain of Gold the Num- 
ber of Parts is two Millions; and no body will deny 
but theſe viſible Parts may be further divided. 

An whole Ounce of Silver may be Guilt with eight 
Grains of Gold, and afterwards drawn out into a 
Wire 13,000 Feet lon 


9 


29. 


We may perceive fall a much greater Subtility of 30. 


Parts in odoriferous Bodies all ſeparate from one ano- 
ther; ſeveral of them ſcarcely loſing any ſenſible Part 


of their Weight in a long Time, and yet continually 


filling a very large Space with odoriferous Particles. 
Whoever would give himſelf the Trouble to calculate 
the Number and Magnitude of theſe ſubtil Particles, 
would find the former amazingly great, and the latter 
ſmall, beyond Imagination. 

Such Objects as would otherwiſe eſcape our Sight, 
appear very large by means of Microſcopes. There are 
ſome ſmall Animals ſcarcely to be ſeen with the beſt 
Microſcopes, and yet theſe have all the Parts neceſ- 
ſary for Life; as Blood, and other Liquors: How 
ſubtile then muſt the Parts be of which theſe conſiſt? 


CHAP. V. 


Of the Coheſion of Parts; as alſo of Hard. 


neſs, Softneſs, Fluidity and Elaſticity. 


L L Bodies that are ived by our Senſes do 
conſiſt of very ſmall Parts, none of which are di- 
viſible in themſelves, but in reſpect of us they are all 
fo ; for all the Diviſion we are capable of making, is 
a Separation of their ſmall Parts. 
When a great Force is required to make ſuch a 
Separation or Diviſion, or when the Separation may 
be obtained by the leaſt Motion of the Parts, ſo that 


the Body be broken with the ſmalleſt Bending poſſi- 


ble, this Body is ſaid to be hard ; and if the Parts 


give way or yield inwards more eaſily, ſuch a Body 
is faid to be /of?, 


But 


31. 
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But this great and leſſer Force, according to com- 
mon Acceptation, do determine nothing; for a Body 


ſeems hard in reſpeC of one Man, and ſoft with regard 
to another, 


DeriniTtion I. 


33. A Body is ſaid to be hard in a Philoſophical Senſe, 


when its Parts flick to one another, and do not at all 
yield imwards ſlipping over one another, ſo that the 
Parts cannot have the leaſt Motion with reſpect to each 
other, but the Body breaks. 

We know of no ſuch Body that is perfectly hard 
but thoſe that moſt approach to this perfect Hard- 
neſs, are ſaid to be hardeſt. 


DErfiNITION II. 


34. A Body is ſaid to be ſoft in a Philoſophical Senſe, 


when its Parts yield Inwards and ſlide over one another, 
tho" it may require even the Stroke of a Hammer to make 
it give way. 

DzxixniTion III. 


35. MA Body whoſe Parts give way to any Impreſſion, and 


by gfving way are eaſily moved among themſelves, is called 
a Fluid. 

All theſe do depend upon the Coheſion of the 
Parts of Bodies, and the cloſer the Parts are, the 
more do the Bodies approach to perfect Hardneſs. 

36. But the Hardneſs of the ſmalleſt Particles does 
not differ from their Solidity, it being an eſſential 
Property of Body, which we can no more explain 
than why a Body 1s extended, or a Mind thinks. 

It is very difficult to determine whether all Bodies 
conſiſt of equal and like Parts; as likewiſe to ſhew 
the Cauſe of their Coheſion. 


The Laws of Nature that we here admit, are de- 

duced from Phenomena. 
38. Ir is a particular Law of Nature, that all Particles 
are enduced with an attractive Force; that is, when 
they be near, they mutually tend to each other of 
their own Accord; the Cauſe of which Motion is 
hid from us. But as we find there is ſuch a Motion 


that 
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that generally takes Place, and all Particles are ſub- 
ject to it; we reckon it amongſt the Laws of Na- 


ture. (5.) 
DzeriniTion IV. 


Attraction is any Force whereby two Bodies mutually 39. 


tend to each other; tho* perhaps this may be perform- 
ed by Impulſe. By this Name we und the 
Phenomenon itſelf, and not the Cauſe thereof. 

Here we preſerve the _ Signification of this 
Word: For we ſay in general, that a Body is moved 
by Attraction when it tends to another Body, and the 
Preſence thereof is neceſſary to produce this Motion. 
And in this Senſe it is that we ſay the Load-ſtone 
draws Iron to it; and that a Man draws to him- 
ſelf a Body faſtened to a Rope, which tends to him 
by his Action of drawing. And this is the Reaſon 
why, on many Occaſions, we do not ſcruple to refer 
Motion, in which there is a manifeſt Impulſe, to At- 
traction; for by this Word we mean the Effect itſelf, 
mn 8 more, without regard to the Courſe 
thereof. 


And this Attraction is ſubject to theſe Laws; viz, 40. 


that it is very great when the Particles touch one another, 
and ſuddenly decreaſes, ſo as not to act at all at the leaſt 
ſenſible Diſtance, even at a greater Diſtance it is changed 
into a repellent Force, whereby the Particles fly from each 
other, | 

Many Phenomenaare eaſily explained by this Law, 
and this Attraction and Repulſion is evidently pro- 
ved by many Experiments, eſpecially Chymical ones, 
In all Bodies, even Fluids, we may obſerve all the 
Parts mutually attract each other, from the ſpherical | 
Figure that the Drops always have; as likewiſe be- 
cauſe there is no Fluid whole Parts do not as it were 
ſtick to one another, as is evidently ſeen in Mercury 
itſelf. | 

But this mutual Attraction of Particles is proved 
much better from this; viz. that two Drops of w7 
Fluid will, immediately upon the leaſt Contact wit 
each other, join together, and make but one 1 ＋ 
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Drop; all which being likewiſe true of melted Metals, 
it follows that their component Particles do at that 
Time murually attract one another, when they are 
hindered from joining by the Motion of the Fire. 

This Motion is to be attributed to the Action of 
an Agent, either on the external Superficies of the 
Drop, or on each of the ſmall Particles of which the 
Drop conſiſts. 

It cannot be aſcribed to an Action on theSuperficies 
whilit we ſuppoſe an equal Preſſure every way to be 
evident; but by ſuch a Preſſure we deduce, from the 
Laws of the Preſſure of Fluids in the third Chapter 
of the ſecond Book, that the Figure of the Drop can- 
not be altered. 

It is even manifeſt at Sight, that the Preſſures on 


the Superficies AB, CD of the Oval Drop AB CP 


do exceed the Preſſures on the Superficies A D, B C, 
if the Drop be equally preſſed every way: And yet 
notwithſtanding the Drop cannot become round, un- 
leſs theſe leſſer Preſſures overcome the greater, which 
is impoſſible. | 

Therefore the Action muſt be on all the ſmall Par- 
ticles; by this each either tend to thoſe they are 
ncareſt, or will be removed from them; they are not 
ſeparated. Therefore we cannot aſcribe a Motion 
bur to that Action whereby each Particle tends to 
that neareſt it, which Motion we call Attraction. (39.) 

This being ſuppoſed by how much tie greater the 
Number of Particles mutually attracting each other 
between two Particles is, by ſo much a greater Force 
will the Particles be carried to each other, from 
whence there will be a Motion in the Drop, until the 
Diſtance between oppoſite Points of the Superficies 
be every where equal, which can be only in a ſpheri- 
cal Figure. 

Whoever could find out the Cauſe of this Attra- 
ction would do a great Buſineſs in Philoſophy. We 
only aſſert, that there is ſuch a Thing which is the 
immediate Cauſe of Coheſion, and alſo infer from 
what has been ſaid, that it is univerſal. (7. 8.) 


Many 
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Many Bodies by this Attraction act upon Bodies 
at a Diſtance, when the Application of the Parts be 
ſufficiently immediate. (Exp.) 
We have Examples of Repulſion between Water 
and Oil, and generally between Water and all unctious 


Bodies, between Mer and Iron ; as alſo between 
the Particles of any Duſt. (Exp.) 
DEFINITION V. 

Elaſticity is a Property of Body whereby, if its Fi- 
gure be altered by any Force, it reſtores itſelf to its for- 
mer Figure. : 

If a Body be compact, it bends, and when it is 
preſſed inwards, and at the ſame Time the Parts do 
not ſlip in upon one another, the Body will return to 


its Figure by that Force which ariſes from the mutual 
Attraction of its Parts. 


But that Property of the Air which is called the 47. 


Elaſticity of it, ariſing from the Force wherewith 
the Parts mutually recede from each other, ſhall be 
ſpoken of in due Time. 


13 
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45. 


46. 


For an Anſwer to any one who may think that be- 48. 


cauſe we have not ſhewn the Cauſe of the ſaid At- 
traction and Repulſion, we reckon theſe amongſt oc- 
cult Qualities, we ſhall uſe Sir //aac Newton's Words: 
We conſider theſe Principles not as occult Quali- 


ties, which are ſuppoſed to ariſe from the /pecifick 


« Forms of Things, but as wniver/al Laws of Na- 
4 ture, by which the Things themſelves are formed: 
For from Phenomena we are aſſured that ſuch 
«© Things exiſt, altho' their Cauſes have not yet been 
found out. To affirm that the various Kinds of 


« Things are endued with particular occult Dualities, 


„ by which they have a certain Force of acting, is 
<< juſt ſaying nothing. But to derive general Princi- 
<< ples of Motion from the Phenomena of Nature, 
« and afterwards explain how the Properties and 
« Actions of all Things follow from theſe Princi- 
6c Po would be a good Progreſs in Natural Phi- 


0 loſophy, although the Cauſes of thoſe Principles 
„ were not yet diſcovered *? 


CHAP, 
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CHAP. VI. 


Of Motion in General; as alſo of Place and 
T ime. 


49. M is a Conveyance from Place to Place, or a 
continual Mutation of Place. Every Body has 
an Idea thereof, it being very ſimple, and impoſſible 
to 2 explained in Words. 
50, lace is the Space that a Body takes up, or es, 
and the Idea thereof is very ſimple too. It is La + ny 
true or abſolute, and relative. 


DEFINITION I. 
51. True Place is that Part of the Immovable Space that 


a Body poſſeſſes. 
DeFiniTion II. 


52. Relative Place, which is only diſtinguiſhed by our 

Senſes, is the Situation of one Body in reſpect to another. 

True Place is often changed, while relative re- 
mains the ſame, and contrary-wiſe. 

53. And from hence ariſes a true or abſolute Motion, as 
likewiſe a relative one. 

Time is flowing or goes on whilſt a Body moves. 

54. Time may alſo be diſtinguiſhed into true or abſolute, 
and into relative. 

55. True Time has no Relation to the Motion of Bo- 
dies, nor to the Succeſſion of Ideas in an intelligent 
Being, but by its own Nature always goes on equally. 
3 DeriniTion III. 

56. Relative Time is that Part of true Time meaſured 
by the Motion of Bodies, or by the Succeſſion of our 
Ideas, being the only Time of which we have any Know- 
ledge. 

All Motion may become ſwifter, as likewiſe a.. 
Body may move ſlower than it did before ; and it is 
very likely there is no Motion of Bodies perfectly 
equable; neither do Ideas obſerve any certain Mea- 
ſure, whilſt one ſucceeds the other. From whence 
it follows that relative Time differs from true Ts 
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for this always moves on equally, neither faſter nor 
ſlower, 

DzriniTion IV. 


That affeftion of Motion by which a Body runs through 57. 
a given Space in a given Time, is called Celerity or Ve- 
locity; which therefore is greater or leſs, according to 58. 
the bigneſs of that Space, and is always proportional 
to that Space. 

Alſo the Space run through, may be augmented ac- 59. 
cording to the Time, whilſt the Velocity remains the 


ſame; and therefore in General the Spaces deſcribed are 


in the Ratio compounded of the Time and Velocity. 
When ſeveral Bodies are given, if the Velocity of 


each be multiplied by the Time, the Product will 
be as the Spaces run through. 
DeriniTion V. 
The Direction of a Motion is a Right-Line, ſuppoſed to 60. 
be drawn the ſame way that the movable Body tends. 
DzFriniTion VI. | 
A Power or Preſſure is a Force continually acting up- 61. 
on a Body ts move it from a Place, and which can pro- 
duce an Action in the Body, whilſt the Body is at Reſt, or 
without changing the Motion already Impreſſed; that is, 


if the Action of the Preſſure be deſtroyed by a con- 
trary Preſſure. 


A Preſſure may act in a Place, wherein it is diſtin- 
guiſhed from the Action of a Body acted upon by 
its Force (vis inſita) of activity, which Action is always 
from one place to another. 


BOOK L 
PART II. Of the Actions of Powers. 


CHAP. VII. 


Of the Compariſon of the Actions of Powers. 
T is evident that thoſe Preſſures or Actions of 62, 


Powers are equal, which produce equal Effects in 
equal Times, | N 
Q 
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63. No body doubts but one Preſſure may overcome 
another that is contrary to it. Equal Preſſures af- 
ing contrary ways, mutually deſtroy one another; and 
thoſe that mutually deſtroy one another are equal. If 
this be not allowed as an Axiom, it will eaſily fol- 
low from what has been ſaid. (62.) 

64. From whence it alſo follows that Preſſures are to 
each other as the Effefts produced in equal Times. 

65. Fan Obſtacle be preſſed, and 2 Preſſure does 
not give way, that Preſſure is deſtroyed by a contrary 
Preſſure ; for otherwiſe it would produce no Effect. 
And fo if it be not deſtroyed by a contrary Preſſure, the 
Obſtacle will give way. Here we do not conſider what 
Force on ſome occaſions is communicated to the Ob- 
ſtacle, by which it is continued in Motion. (12.) 7 

66. all this ſecond Part we conſider only the Conveyance, 
which is the immediate Effect of the Preſſure; and 
which never happens but in the firſt Infinitely ſmall 
Moment, when the Obſtacle is moved by the Action 
of the Power. 

When the Effect of Preſſure not deſtroyed by a 
contrary Preſſure, is the Conveyance of an Obſtacle ; 

67. it follows, that the Actions of ſeveral Powers not de- 
ſtroyed by contrary Preſſure, can only differ from 
one another in reſpect to the Power of the Obſtacles on 
which they aft, and of the ſpaces moved through by the 
Obſtacles. 


DEFINITION, 


68. The Magnitude of Preſſure conſidered with regard to 
the Action inſited by it on an Obſtacle, that is, the Ca- 
pacity of Action when the Preſſure is not deſtroyed 
o a contrary Preſſure, is called the Iutenſity of that 

ower. 

69. Therefore the Intenſities of Powers are as the Action 
transferred to the Obſtacles by Preſſure. 

70. H Obſtacles move equal Spaces in equal Times, the In- 
__ of the Powers are as the Obſtacles. (64, 67, 

9. 

71. When Powers equally act on Obſtacles, the Intenſities 
are as the Spaces through which the Obſtacles are conveyed 
in equal Times. (64, 67, 69.) 72, But 
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But when the Space moved through in equal Times, and 72. 
the Intenſities be different, the Intenſities of the Powers 
are as the Obſtacles, and as the Ways moved through 
(70, 71.) that 1s, in a Ratio compounded of them. 

For Example, If the Action of one Power on an 
Obſtacle be 2, and it moves through a Space, as 33 
the Action, and ſo the Intenſity of the Power will 
be 2 Times 3, or 3 Times 2, that 1s 6; and this com- 
pound Ratiowill beobtained, if the Numbers begiven 
in the Ratio of the Obſtacles, and others in the Ratio 
of the Spaces run through ; for every Power muſt be 
multiplied by the Space run through by that Obſtacle. 

If Numbers are given that expreſs the various In- 73. 
tenſities of Powers, theſe will be as the Products of 
the Obſtacle by the Spaces: Therefore if each of the 
given Numbers be divided by the Space moved through by 
its Obſtacle, the Quotients will be as the Obſtacles them- 

elves, 
f And ſo the greater the Intenſities are, the greater 
the Obſtacles will be, and the leſſer the Spaces moved 
through; that is, the Obſtacles are in a Ratio com- FR 
pounded of the direct Ratio of the Intenſities, and the 
inverſe Ratio of the Spaces moved through. 

If the Numbers expreſſing the Products of the Ob- 
ſtacles by the Spaces, that is, which expreſs the In- 
tenſities of the Powers, be each divided by the Num- 
bers expreſſing the Obſtacles, the Quotients will be 75. 
as the Spaces, which therefore are directly as the In- 
tenſities, and inverſely as the Obſtacles. 

The Intenſitie of Powers are equal when the Spaces 56. 
run through ave in the inverſe Ratio of the Obſtacles. 
For as much as one Power exceeds another in re- 
ſpect of an Obſtacle, by ſo much is it exceeded with 
reſpect to the Space moved through. For Example, 

It the Obſtacles be as 8 and 6, and the Spaces mo- 
ved through be as 3 to 4, the Number 24 will ex- 
preſs each Intenſity (72.) | 

All this relates to Actions upon Obſtacles left to 
themſelves, when the Reſiſtance ariſes from the 
Inactivity of Matter. 

C We 
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We ſhall now proceed to Preſſures that mutually 
deſtroy each other. This happens only in contrary 
Preſſures, and thoſe are contrary when the one re- 
_ the other, and the Obſtacle is formed in reſpect 
OT It. 

77. In that Caſe equal Preſſures mutually deſtroy one 
another (63.) which Equality takes place when oppoſite 
Preſſures do equally reſiſt. For each Preſſure by its 
Reſiſtance acts on the oppoſite Preſfure. Theſe Reſi- 
ſtances may be determined, 1. From the conſideration 
of Intenſities; for the Reſiſtancesare as the Intenſities, 

78. under the ſame Circumſtances; for if the Intenſity of 
the Power be changed, whilſt every thing elſe is the 
ſame, in that very ſame Ratio will the Force be changed 
whereby it is reſiſted. 

79. Bur, 24ly, Whilſt Preſſure is overcome, and the 
Point to which it is applied is removed to ſome given 
Diſtance, there muſt be ſome certain Action required 
to do this in a given Time; and this muſt be dou- 
bled, if the ſame Thing is to be effected twice in the 
ſame Time; that is, if the Point is to be removed 
to double the Diſtance, then alſo the Preſſure which 
is overcome, is overcome in the {ime Manner, and 
is twice reſiſted; that is, the Reſiſtance thereof is 
double. Therefore the Reſiſtance of a Power whoſe In- 

go. tenſity does not vary, encreaſes as the Spaces moved 
through in a certain Time, by the Point to which it is 
applied. | 

81. From whence we infer that Preſſures whoſe Intenſi- 
ties are equal, acting contrary to each other, will mu- 
tually deſiroy each other only in that Caſe wherein the 
Points to ich they are applied, if they be conceived to 
move, run equal Spaces (78, 80.) 

And [uppoſing theſe ways to be equal, they will not 
reftroy one another when the Intenſities are different. 

But Powers which differ in Intenſity will produce 
equal Preſſurcs, if they be applied to Points, which 
being moved run through unequal Spaces in the 
fame Time, and indeed fo, that as much as one Reſi- 


ſtance excceds another in Intenſity, ſo much is it ex- 
ceeded 
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ceeded in reſpect to the Space moved through (78, 
80.) In which Caſe there is obtained a Compenſation 
for the Inequality. 

Therefore oppoſite Preſſures are equal, and mutually de- 8 2. 
tray each other, when the Intenſities of the Powers be 
inverſely, as the Ways run through in the ſame Time by 
the Points to which they are applied, admitting they have 
a Motion. 

From what has been ſaid we infer in general, that 83. 
when ſeveral Powers aft one Way, and one or more att- 
ing contrary Ways deſtroy them, the Reſiſtance of each 
of them may be determined, if the Intenſities be 
known; and alſo the Ways compared together, 
which all the Points whereto the Powers are applied 
(ſuppoſing them to move) move through in the ſame 

ime. 

For if the Intenſity of every one of them be multi- 
plied by the Way moved through by its Point, the Pro- 
ducts will be to one another in a Ratio compounded 
- of the Intenſities and Ways moved through; that is, as 
| the Reſiſtances of every one of the Powers (78, 80.) 

L If then the Sum of the Produtts on one Side be equal to 

1 the Sum of the Products on the other, the oppoſite Re- 
O 
4 


fiftances will be equal, and oppoſite Actions will deſiroy 
one another. 


8 C HAP. VII. 

„ General Things about Gravity. 

| PHot NOMENON I. | 

0 All Bodies near the Earth move towards the Earth, 84. 
if they be not hindred by ſome Obſtacle. 

of DRTINITIOS I. 


The Farce by which Bodies are carried towards the 85. 


de Earth, is called Gravity. 
h DeriniTion II. 
1C 


This Force with regard to a Body acted upon by it, is 86. 
called the Weight of the Body. 
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PROENOMENON II. 


87, The Force of Gravity every where near to the Earth 
acts equally, and that every Moment of Time. 

There is indeed a ſmall Difference of Gravity in 
different Countries, which we ſhall ſpeak of here- 
after, it being too ſmall to be conſidered here, eſpe- 
cially ſince it is entirely inſenſible in neighbouring 
Countries. 

88. N ben any Obſtacle hinders the Deſcent of a Body, it 
conſtantly and equally preſſes that Obſtacle by its 
j Weight, with a Tendency towards the Centre of the 
15 Earth; and accordingly it may be eſteemed asa Power 
if —_— upon the Obſtacle; and ſo what has been de- 
monſtrated concerning Power in the laſt Chapter, 

does here take Place too. 


PROENOMENON III. 


89. Bodies which deſcend by the Force of Gravity, when 
all Reſiſtance is taken away, fall with the ſame Velocity. 
Exp.) | 
i ome whence we infer, from the immediate Action 
of Gravity, that any Obſtacles are carried by Gra- 
= equal Spaces in equal Times; for Bodies in the 
firſt Moment will move after the ſame Manner, and 
in each of the following Moments are accelerated in 
the ſame Manner. And conſequently the Actions of 
Gravity on the Bodies are as the Bodies themſelves 
(Jo.) that is, their Weights are as their Quantities of 
90. Matter; and all equal Particles of any Matter what- 
ſoever are of the ſame Weight. | 
91, Whena Weight 1s conſidered as a Power, the In- 
tenſity of the Power is proportional to the 222 
of Matter in the heavy Body, and the Direction of 
the Power is towards the Centre of the Earth. 
We have thought fit to obſerve theſe Things con- 
cerning Gravity, becauſe we uſe Weights in making 
Experiments about Preſſure. 


CHAP. 
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CHAP. IX. 
Of the ſingle Pulley, Balance, and Centre of 
Gravity. 


DEriINITION I. 


Single Pulley is a little Wheel moveable about an 92. 
Axis, about which there goes a Rope, called a draw- Plate I. 
ing Rope; the Pulley is to be ſeen at A, and dee is IK. 3: 
the drawing Rope. 
By this Engine the Direction of a Power is changed, 
which is the ſole Uſe thereof when it is fixed; for 
in that Caſe, when the Power applied to the drawing 93. 
Rope, as M, is equal in Intenſity to the Obſtacle P, it 
will balance this Obſtacle (81.) For the Power is con- 
trary to the Obſtacle, which acting the contrary way, 
they both run through equal Spaces. 
Weights are formed, that is, the Quantities of 94. 
Matter in Bodies are compared by help of a Balance, 
or Pair of Scales, | 
DeriniTion II. 


The Axis of a Balance is that Line about which the 95. 
Balance moves, or rather turns round. 


DzFiniTion III. 
When we conſider the Length of the Arms or 96. 
Beam, the Axis is to be looked upon as a Point, 
and 1s called the Centre of the Balance. | 
DEFINITION IV. 
Points of Suſpenſion or Application are thoſe Points gy 
g where the Weights nearly are, or to which they freely 
f bang, or the Scales in which the Weights are put. 
We may obſerve about this Inſtrument, 
- That the Weight does equally preſs the Point of Suſ* gg. 


penſion at what ever Height the ſame is above it, and in 
the ſame Manner as if it lay'd in that very Point. 
(Exp.) | 
For the Weight at all Heights equally pulls the 
Rope or String by which it hangs (87.) 
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99. The Action of a Weight to move the Balance is ſo much 
the greater, as the Point preſſed by the Weight is more 
diſtant from the Centre of the Balance; being indeed 


in the Ratio of the Diſtance of the ſaid Point from that 
Centre. 


Plate IJ. When the Balance moves round its Centre, in the 

Fig. 4 ſame Motion of the Balance, the Point B deſcribes 
the Arch Bb, and the Point A, the Arch Aa, the 
laſt of which 1s the greateſt; and therefore in that 
Motion of the Balance the Action of the ſame 
Weight is various, according to the Point to which 
it is applied, being in the Ratio of the Space moved 
through by that Point (79.) Therefore at A it is 
as A a, at B as Bb; but theſe Arches are to one 
another as (CA, CB.) (Exp.) 

It is evident alſo that the Actions differ as the 
Weights, and that they can do ſo no otherwiſe than 
in reſpect of the Weights or Diſtances ; from whence 

100. we deduce that the Action of a Power to m3yve a Ba- 
lance, is in a Ratio compounded of the Weight and of 
its Diſtance from the Centre of the Balance. And fo if 
the Weight be multiplied by its Diſtance from the 
Centre, the Product expreſſes its Action. 


DEFINITION V. 


101. A Balance is ſaid to be in Equilibrio, when the 
Actions of the Weights upon each Arm to move the 


Balance are equal; ſo that they mutually weſftiroy each 
other. 


DEFINITION VI. 

102. ben a Balance is in Equilibrio, the N eights on 
each fide are ſaid to equiponderate, that is, weigh 
equally, 

103. Unequal Weights may equiponderate. For this it is 
only neceſſary that the Weights be to each other 
reciprocally as their Diſtances from the Centre (82.) 
In this Caſe, if every Body be multiplied by its Di- 
ſtance, the Products will be equal. (Exp.) 

104, The Stcel-Yard, or Roman Statera, by means of 
which things are weighed with only one Weight, 
is made upon this Principle, (Exp.) On 
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On the ſame Principle alſo is founded the deceitful 105. 


Balance; viz. one whoſe Arms are unequal. (Exp.) 


Several Weights hanging at various Diſtances on one 106, 


Side, may equiponderate with one Weight only on the 
other Side. For this Effect it is neceſſary that the 
Sum of the Products of each Weight, by its Diſtance 
from the Centre, be equal to the Product of the ſingle 
Weight by its Diſtance from the Centre (100,) (Exp.) 

To the Perfection of a Balance it is required, 


1. That the Points of Suſpenſion of the Scales or 108. 


Weights be exactly in the ſame Line with the Centre 
of the Balance. 2. That they be exactly at the 
ſame Diſtance from that Centre. 3. That the Arms 
of the Balance be as long as is conſiſtent with Con- 
veniency. 4. That there be as little Friction as 
poſſible in the Motion of the Beam and Scales. 
5. That the Parts of the Axis ſeparated by the 
Beam be exactly in the ſame right Line. 6. That the 
Centre of the Gravity of the Beam be a little below 
the Centre of Motion. 


DErinition VII. 


The Centre of Gravity is a Point in a Body about 109, 


which all its Parts, whatever Situation the Body is in, 
are in Equilibrio. 

When two or more Bodies are joined, whether 
they be contiguous or ſeparate, they have a common 
Centre of Gravity. 

And that there is really ſuch a Point, we ſhall 
now demonſtrate, 


Let ADB be two heavy Bodies of unequal Weight, 111. 
and conceive them to be joined together by an in- Plare I. 
flexible right Line of no Weight at all. Let C be Hs. 13. 


2 given Point in the ſame ſo taken, that C A be to 
CB as the Weight of the Point B is to the Weight 
of the Point A. Theſe Weights will be in Equili- 
brio about the Point C, in whatever Situation they 
be in, as is deduced from what has been already de- 
monſtrated. (99.) And fo if the Point C be ſuitained, 
the Points A and B will be ſuſtained, and their Action 
will centre as it were in the Point C. 

C 4 Suppole 
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Suppoſe D to be a third heavy Point of any Weight 
whatſoever; and let D and C be joined alſo by an 
inflexible right Line void of Weight; and let the 
Point E be 5 taken in it, that EC be to ED as 
the Weightof the Point Dis to the Sum of the Weights 
of the Points A, B. 

If then A and B were Joined in C, there would be 
an Equilibrium about E; let the Line CD be ſuppoſed 
in any Situation whatever (99. ). But A and B, as we 
have ſhewn, in all Situations of the Line A B, @a act 
as if they were united in the Point C. Therefore the 
three Weights A, B, D joined by the inflexible Lines, 
are in Equilibrium about the Point E, in whatſoed r 
Situation they have. Therefore this Point is the 
Centre of Gravity of the three Points: nor have theſe 
Points any other Centre of Gravity, as is manifeſt 
from the ſame Demonſtration. 

If there were a fourth heavy Point given, nd this 
were joined to E by an inflexible right Line, it 
would be evident, by the like Demonſ ration, that the 
four Points would have a common Centre of Gra- 
vi 

And as the ſame Demonſtration regards any Num- 
ber of Points, it may be applied to all the heavy Points, 
of which any Body or ſeveral Bodies joined together do 
confi /{# : and fo one Body only, or ſeveral joined to- 

ether, have one Centre of Gravity and no more. 

IWhen the Centre of Gravity is ſuſlained, the Body 
may be at reſt. Exp.) 

Men the Centre of Gravity is not ſuſtained, the 
Body cannot reſt, but the Centre of Gravity will move. 
(Exp.) 

From hence appears the Reaſon why ſome Bodies 
put upon inclined Planes do roll down, and others 
only ſlide down, 

The Body A flides, becauſe its Centre of Gravity 
is ſuſtained or kept up by the inclined Plane ; that 
is, when the vertical Line paſſing through that 
Centre c, cuts the inclined Plane within the Baſe 
de of the Oy But the * 5 will roll, when the 


ver tical 
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vertical Line which paſſes through the Centre of Gra- 
vity, cuts the inclined Plane without the Baſe fe, 
and by the Deſcent of the Centre of Gravity the Body 
will roll. (Exp.) 

It alſo follows, from what has been ſaid, that the 116. 
Deſcent of a Body is the Deſcent of its Centre of Gra- 
vity, that is, the Motion of it towards the Centre of 
the Earth. 

In this Caſe a Body will ſometimes aſcend, with 
regard to the whole Maſs thereof. (Exp.) 

From what has been ſaid concerning the Centre of 115. 
Gravity, we may further deduce, that any Point in 
any Body or Engine which ſupports the Centre of 
Gravity of any Weight, ſupports the whole Weight ; 
ſo that the whole Force by which a Body tends to 
the Centre of the Earth, appears to be united in this 
Centre. (Exp.) | 


CHAP. AA. 
Of Simple Engines. 
DzrinitTion TI. 
Leaver, by Mathematicians, #s called an inflexi-118. 
ble right Line, accomodated for ſupporting or rai- 
ſong of Weights, having itſelf none, or at leaſt an equable 
eigbt. 
| — ſimple Machines this is the Chief, and 
is uſed to raiſe Weights to a ſmall Height. 

Three Things are to be conſidered about the Plate I. 
Leaver. 1. The Weight P to be ſupported or raiſed, IBC. & 7.8. 
2. The Power M, whereby it is ſupported or raiſed, 7 
which uſually is the Action of a Man. 3. The Ful- 
crum or Block F, that ſuſtains the Leaver, or upon 
which it moves, or rather rolls, whilſt the Fulcrum 
is at reſt, 5 

There are three ſorts of Leavers. 119. 

1. Sometimes the Fulcrum is placed between the 5 * 
Weight and the Power. Fe. 7. 

2, Sometimes the Weight is placed between the 


Fulcrum and the Power. - c 
: , 3. And 
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3. And often the Power itſelf acts between tlie 
Weight and the Fulcrum. 

The ſame Rules ſerve in all theſe Caſes, which fol- 
low from what has been ſaid of the Balance (99.) 
which ſhew the Analogy between the Balance and 
Leaver. And the Leaver of the firſt Kind, is as it 
were a fort of a Steel-Yard to raiſe Weights. 

The Action of a Power, and the Reſiſtance of all eigbi, 
do encreaſe in the Ratio of the Diſtance from the Ful- 
crum (y.) and therefore that the Power may be able to 
ſuſtain the Weight, it is neceſſary that the Diſtance of 
the Point on the Leaver, to which it is apply d, be to the 
Diſtance of the Weight, as the Weight to the Intenſity 
of the Power (103.) which if it be ever ſo little encreaſed, 
will raiſe the Weight. A F is to F B as the Power 
M to the Weight P. (Exp.) 

A compound Leaver is made of ſeveral Leavers joined 
together. In this Caſe, if the fecond Leaver be us'd 
inſtead of a Power, the firſt will be moved; the 
ſecond will move the third, and ſo on as you pleaſe, 
the Power being in the End applied in the laſt Leaver; 
which is to the Weight in the Ratio compounded of the Ra- 

tios of the Powers in every Leaver, when taken ſingly.( Ex.) 
Workmen alſo make uſe of a Leaver to carr 
Weights; and there are ſeveral remarkable Caſes of 
the uſe of this Leaver ; the Demonſtration of which 
may be deduced from what has been faid. 

In all Caſes this is generally to be obſerved, That 
the Intenſity of the Power, or the Intenſity of the 
Powers taken together, when there are more than one, 
muſt be equal to the Gravity of the Bodies to be carricd 
or ſupported : Becaule, in this Conveyance the Powers 
and the Weights do move thro? equal Spaces. 

We are alto to obſerve, that each of the Weights 
muſt be conſider'd, as if they were entirely in the 
Points to which they are applied (98.) which is alfo 
to be obſerved with regard to Powers. 

If a Weight be to be ſuſtain' d, or carried by two 
Powers, it muſt be placed between the two Powers ; and 
the Diſtance of the Powers on each Side the Weight, 


muſs 
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muſt be in the inverſe Ratio of the Intenſities of the 
Powers. The rwo Powers M, m, ſupport the Weight 

P, and ACisto CB as m to M. The Actions of 

the Powers are in equilibrio about the Point C, fo 
that their whole Force is collected in that Point, 
which only is drawn by the Weight P. (Exp.) 

N] ben two Weights are ſuſtain d by one Power, the 124. 
Power muſt of neceſſity be placed between the Weights ; 

and then what has been ſaid of the two Powers, muſs be 
applied to the Weights, (Exp.) | 

Several Weights are often carried or ſuſtain*d by 125. 
one or more Powers; about which we are to ob- 
ſerve, that all Weights, in whatever Poſition, have a 
common Centre of Gravity ; which Centre is ſuch, 
that if every Weight on each fide of it be multi- 
plied by its Diſtance from that Centre, the Sum of 
the Products of thoſe on one ſide, will be equal to 
the Sum of thoſe on the other (102, 106.) 

Alſo, whatſoever Poſitions that the Powers be in, they 
have a common Centre of Gravity; for they may be 
repreſented by Weights (88.) and here the Intenſity 
of each Power muſt be multiplied by its Diſtance 
from the Centre, and the Sum of the Products on 
both Sides will be equal : As likewiſe, that the Powers 
may be able to ſuſtain the Weights, the Centre of Gravity 
of the Powers and of the Weights muſt be the ſame. 

For then that common Centre of Gravity is drawn 
contrary ways with equal Forces (122.) and fo theſe 
Forces mutually deſtroy each other {63.) 

From what has been ſaid, the Explanation of the pj, x 
Figure is ſufficiently evident, in which C denotes Fg. 19. 
the Centre of Gravity, and of the Powers and 
Weights. (Exp.) 

Theſe Things alſo obtain, when a Leaver is 126. 
drawn contrary ways, by Powers acting in oppoſite 
Directions, either Horizontally, or in any other 
Direction. (Exp.) 

The Leaver, as I ſaid before, ſerves to raiſe 
Weights to a ſmall Height ; when they are to be 
raiſed higher, we uſe an Axis in Peritrochio. 

E F I- 
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DeFinirTton II. 


127. An Axis in Peritrochio, is a Wheel which turns to- 
gether with its Axis. 
The Power in this Inſtrument is applied to the 
Circumference of the Wheel; by the Motion of 
which, a Rope, that is fixed to the Weight, is wound 
about the Axis, by which the Weight is raiſed. 
128, Letab be a Wheel, de the Axis, ptheWeight to be 
Plate I. raiſed, and m the Power; the Wheel may be moved 
Fig. 2. by the Action of this, and the Points 6, d will 
deſcribe ſimilar Arches ; which Arches are the 
Ways run through, in the ſameTime, by the Power 
and Weight when they are in Motion ; and they are 
to one another as & to c d; that is, as the Diameter 
of the Wheel to the Diameter of the Axis, from 
which is deduced the following Rule. 
129+ The greater the Wheel is, the greater Force the Power 
will have, and its Action encreaſes in the ſame Propor- 
tion with the Wheels Diameter. The Weight reſiſts ſa 
much the leſs, as the Diameter of the Axis is leſs, and its 
Reſiſtance decreaſes in the ſame Ratio as the Diameter of 
the Axis; and that there may be an Equilibrium between 
the Weight and the Power, it is always neceſſary 
zhat the Diameter of the Wheel be to the Diameter of 
the Axis in the inverſe Ratia of the Power to the 
MWeigbi (82.) (Exp.) 
But obſerve, that the Diameter of che Rope is to 
be added to that of the Axis. 
The Power may alſo be applied to an Handle, or 
Spoke; in which Caſe the Diſtance of the Point to 
which it is applied from the Centre, is to be taken 
for the Scmi-diameter of the Wheel. 
The Wheels that have Teeth work in the ſame 
Manner as this Inſtrument, being in reſpect of the 
Axis in Peritrochio, what the compound Leaver is 
in reſpe& of the ſimple Leaver. 
Pius l. If the Axis A of the Wheel has Teeth, it ſerves 
Fu, iz. to move the Wheel R, whoſe Circumference has 
Teeth; and the Axis of this laſt Wheel may give 
Motion to a third Wheel, and fo on. In that = ; 
en 
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When the Power ſuſtains the Weight, the Ratio of 130. 
the Power to the Weight is compounded of the Ratio of 
the Diameter of the Axis of the laſt Wheel, to the 
Diameter of the firſt, and of the Ratio of the Circum- 
, WM wolutions of the laſt Wheel to the Circumvolutions of the 
e, in the ſame Time. (Exp.) g 
1 The Demonſtration of which Rule is deduced 
from the Compariſon of the Ways run through by 
the Weights and Powers. | 
In many Caſes, where the Axis in Pertitrochio 
will not conveniently ferve to raiſe Weights, Pullies 
muſt be made uſe of; and a Machine, conſiſting of 
ſeveral of them put together, lies in a little Com- 
paſs, and may eaſily be carried from Place to Place, 
We have already told what a Pulley is (92.) 
If the Weight Þ be joined to the Pulley, ſo that 131. 
it may be drawn up alcsg with it, each part e f, c Ae II. 
of the drawing Rope will ſuſtain half the Weight; FTE 
and therefore when ow End is fixed either to a Hook 
or any other way, the moving Force or Power applied 
to the other End, if it be equal to half the Weight, 
will keep the Weight in Equilibrio. The Part cd of 
the Rope may be put about a fix'd Pulley, in order 
to change the Direction (93.) 'and the Weight M 
fixed to the End thereof, will ſuſtain the Weight 
P which is double to it; and by the Motion of the 
Weight M, or of any Power apply'd to M, the 
0 Weight P will be raiſed. For we muſt take heed 
leaſt whilſt this Weight is join'd to the little Wheel 
x O, the Rotation of the little Wheel about its Axis 
Q be prevented. (Exp.) | 
n Many little Wheels or Sheaves may be join'd in 132. 
any Manner, and a Weight may be fix'd to them: 
le If then one End of the Rope be fix*d, and the Rope 
* be put about all thoſe little Wheels or Sheaves, and 
is as many other fixed ones as is neceſſary, a great 
Weight may be raifed by a ſmall Power. In that 
Caſe, the greater the Number of Pullies to which 
the Weight is join'd, are (for the Action of the 
Power is not chang'd by the fix'd ones ($2,)) the leſs 


will 


VF OD FF, WW 


a” . "Y vo 


GS SS  yw o' 7 


30 An EXPLANATION 


will the Power that ſuſtains the Weight be; and if 
the Power be to the Weight as Unity is to twice 
the Number of Pullies, the Power will ſuſtain the 

Weight. (Exp.) 

The Reaſon is, becauſe that is the Number of 
Ropes ſuſtaining the Weight, and the Power is ap- 
ply*d to one Rope only. 

133- When the End of the drawing Rope is faſtened to 
the Weight, or movable Pullies, then the Ratio of the 
Power to the Weight will be as Unity is to twice 
the Number of Pullies fixed to the Weights leſſened 
by Unity ; for there are juſt ſo many Ropes which 
ſuſtain the Weight. (Exp.) 

134. Several ſeparate movable Pullies having each its 

> II. particular Rope, if they be difpoſed as per Figure, 
8. 2. will augment the Action of the Power very much. 
So that for each Pulley the: Action is doubled; con- 
ſequently, when there are twe, Pullies, the Action will 
be encreaſed four Times; whe there is three, eight 

Times, and ſo on. (Exp.) 

The Rule aforeſaid; viz. that the Spaces moved 
through by the Power and Weight, when they ba- 
lance each other, are to each other inverſely, as the 
Power is to the Weight, may be applied to all the 
Caſes above mentioned. Here we always ſuppoſe 
the Ropes to be parallel; we ſhall hereafter ſhew 
what Difference ariſes from the Obliquity of theRopes. 

From what has been ſaid it is ſufficiently evident that 
a great Weight may be ſuſtained, or be raiſed up by 
a ſmall Power. Mechanicks is not ſolely confined to 
thoſe U ſes : Powers that are very ſmall, as to Intenſity, 
may be made to overcome any Reſiſtances how great 
ſoever : of which the Wedge is a fair Example, being 
an Inſtrument ſerving to cleave Wood, and for many 
other U les. 
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DzriniTion III. 
135. The Wedge is a Priſm of à ſmall Height, whoſe 


Fg.; II. Baſes are equicrural Triangles; as cbe. 


Di- 


A 


a. 


_— _— -- — _ — — — BE — ; - 


c ⁵ͤ TTT 
3 — — . ͤ m —x — Woes — 


of the Newtonian Philoſophy. 31 
DeriniTion IV. 


The Altitude of the Triangle is the Altitude of the 136. 
Wedge, as db. 


DEFINITION V. 


The Baſe of the Triangle is alſo called the Baſe of the 137. 
Medge; as ce. 


DzyriniTion VI. 

The Edge of the Wedge is a right Line joining the 138. 
Vertices of the Triangle; that is, the Line joining the 
Point b, to the oppoſite Point. 

The Edge of the Wedge 1s applied to cleave 
Wood or ſeparate Bodies, the Wedge being drove 
in — the Force of a Mallet or Hammer. 

hen the whole Wedge is driven in, the Space 
moved through by the Point d on which the Mallet 
ſtrikes, is the Altitude of the Wedge d bz which 
therefore is to be taken for the Space moved through 
by the Power. And the Space that the Bodies which 
are ſeparated move from each in the ſame Time, 
is the Baſe of the Wedge: From whence it follows, 

That the Power is to the Reſiſtance of the Bodies to be 139. 
{eparated (when the Action of the Power is equal to it) 
as the Baſe of the Wedge is to its Altitude (82.) 
(Exp.) 5 

In cleaving Wood this Rule does not take place, 
becauſe all the Parts of the Wood in yielding do not 
move equal Spaces in the ſame Time. In this Caſe 
the Determination of the Action of the Wedge is 
ſomething intricate ; which we have examined in the 
Scholiums to our Elements, where we demonſtrate 
the following Propoſitions. 

Let the Parts of the Wood already ſeparated make Plate II. 
the Angle EF L; and ſuppoſe it to be ſtill further Fs. 3: 
cleaved by means of the Wedge che, whoſe Baſe is 
ce, and Altitude db. 

When the Parts give way never fo little, all Re- 
ſiſtance is taken away; but before the Parts at F give 
way, the Points E, L muſt move a little; that is, the 

Angle 
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An EXPLANATION 


Angle EF L muſt be augmented a little; we are 
then to determine the Force whereby this Angle is 
augmented. 

Draw the Line d h through d, the middle Point of the 
Baſe meeting the Side cb of the Wedge in the Point h, 
making a right Angle with the Continuation of the ſe- 


parated Side E F of the Wood. This Line d h is to the 


141. 


142. 


143. 


Altitude bd of the Wedge, as the Force whereby the 
Wedge is driven in is to the Reſiſtance of the Wood, 
when the one cannot overcome the other ; and ſo the 
Power being a ſmall Matter augmented, will make 
the Parts of the Wood give way. 

When the Parts of the Wood are not ſeparated 
till the Wedge be quite drove in, the Lines bc, EF 
do coincide, and the Angle 4+ is a right Angle; 
and ſo the Triangles bhd, de (8, 6. Elem.) are ſimi- 
lar; and dh is to 46, as de is to ch; therefore in 
that Caſe the Force whereby the Wedge is driven in, is 
to the Reſiſtance of the Wood, when their Actions are 
equal, as half the Baſe of the Wedge is to its Side. 

The Screw has a great Affinity with the Wedge; 
it conſiſts of two Parts. 


DEFINITION VII. 
The firſt, or inward one, which is called the Male 


_— Screw, is a Cylinder cut in like a Spiral, as AB. 


DErixiITION VIII. 


The ſecond or outward Screw, which is called the 
Female Screw (whoſe Figure differs according to the 
various Uſes of the Machine, of which it is a Part) 
is a Solid cylindrically bollowed in, whoſe hollow Sur- 
face is cut in after the ſame Way as the Male Screw, 
ſo that the prominent Part of the one may fit the hol- 
low Part of the other, as DE. | 

When the Screw is uſed, theſe two Parts move one 
within another. Its chief Uſe is to preſs Bodies that 
are to be joined and firmly united together. For 
in this the ſmalleſt Power may produce a very great 


Preſſure. It may be uſed in raifing of Weights 
doo. | 


In 
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In every Revolution of the Screw, if one Part be 1 44. 
at reſt, the other is thruft out to a Diſtance equal to 
the Interval between the two neareſt Spirals. The 
Power which moves the Screw is applied toan Han- 
dle or Hand-Spike, and the Power is to the Com- 
preſſion which it generates as the ſaid Diſtance be- 145. 
tween the two neareſt Spirals is to the Circumference 
of the Circle moved through by that Point of the 
Handle or Hand-Spike to which the Power is ap- 
plied. (82.) | 

For the Space moved through by the Point or 
Plane which 1s preſſed, has that ſame Ratio to the 
way moved through by the Power. This Space 
would be a little greater, if the Power was to be 
applied in a Direction parallel to the Spiral, but it 
would oftentimes be difficult to do this; and ſo in 
| practice the Power almoſt always acts in a Plane per- 
pendicular to the Axis of the Cylinder, of which the 
male Screw is made, and this is the Caſe which we 
conſider. 

We may further obſerve, when the Power ba- 
lances the Weight or Reſiſtance in any Machine what- 
ſoever, if the Power be encreaſed never ſo little, it 
will over- balance the Reſiſtance or Weight, when 
the parts of the Machine have no Friction. But when 
they have Friction, this muſt alſo be overcome by the 
Power: But how much muſt be added to the Power 
cannot be determined Mathematically. 
| In Screws this Friftion is very ſenſible, and of 146. 
great uſe too. For the Machine is kept in its Poſi- 
tion by it, and cannot either by the Action of the 
Bodies that are preſſed, or by the Gravity of the 
Weights that are raiſed, receive a con Motion, 
whilſt the Action of the Power ceaſes, fo as to re- 
turn to its firſt Situation. 
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An EXPLANATION 


CHAP. XL 
Of Compound Machines. 


E have already ſhewn how a Machine may 
be compounded of ſeveral Leavers. (121.) 
or of ſeveral Wheels. (130.) and that in theſe Ma- 


147.chines for the Power to overcome the Reſiſtance, ii 


149. 


muſt be to the Reſiſtance in a Ratio, compounded of 
all the Ratios which the Powers in each Machine 
have to the Reſiſtance, when taken ſeparately : This 
ſame Rule will obtain in all other compound Ma- 
chines. 

Simple Machines of the ſame Kind may not only 
be joined together, but a Machine may be com- 
pounded of ſeveral different ones in ſeveral manners, 
as will be evident by one or two Examples. 

Example 1. The drawing Rope of a Pulley may 
be faſtencd to an Axis in Peritrochio, and if the 
Power be applied to the Wheel, and by help of the 
Screw-Pulley only, the Force is made five Times 
greater, and if the Diameter of the Axis be a ſixteenth 
Part of the Diameter of the Wheel, the Ratio of 
the Power to the Weight will be compounded of 
the Ratios of 1 5 (133.) and of 1 to 16 (129.) 
Therefore it is as 1 to $0, ard ſo one Ounce will 
ſuſtain a Weight of hive Pounds (Exp.) 

Example 2. The Axis in Peritrochio may be work- 
ed by a Screw, for which purpoſe the Wheel muſt 
have Teeth, ſtanding 2 or inclined. The 
Screw and Wheel are fixed, and the Teeth of the 
Wheel ſucceſſively falling into the Cavity of the 


Screw; by turning about the Screw, the Wheel will 


alſo be. turned about. In that Caſe, it is called an 
Endleſs Screw, and is of great Uſe : for there are fo 
many Revolutions of the Screw, or of its Handle, re- 
quired to move the Wheel once about, as the Wheel 
has Teeth ; but as the way moved through by the 
Power encreaſes, its Action is encreaſed in the ſame 


Manner 
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Manner (80.) And if another Wheel with Teeth be 
added to the firſt Wheel, the Action of the Power 
will be ſtill more encreaſed (Exp.) 

There may innumerable other compound Engines 
be made, whoſe Forces may be determined by Com- 
putatien, by means of the aforeſaid Rule (147.) or 
alſo by comparing the Way moved through by the 
Power with the Way moved through by the Weight, 
or any other Obſtacle ; for their Ratio is the inverſe 
Ratio of the Power and of the Weight or Reſiſtance. 

Preſſures, or Forces, that acting contrary ways ba- 
lance each other, are always equal (63.) If therefore 
the Intenſity of the Power be leſs than that of the 
Obſtacle, ir muſt run through a greater Space in the 
flame Time, and indeed fo much the greater as it is 
exceeded by that in Intenſity ; for the Actions of the 
Powers can differ in no other Reſpect, nor can there 
be any other Compenſation given. 


CH AP. III. 
Of Oblique Powers. 


Power is ſaid to draw a Point directly when it 130. 
draws it in the Direction that the Point would 
take if the Force were to ceaſe. | 
In every other Caſe the Power is faid to be ob- 151, 
lique. We have hitherto conſidered direct Actions, 
and have applied Powers to Machines acting in 
the ſame Lines, but contrary ways with Forces, 
which will retain the Points of the Machines to which 
they are applied; that is, will hinder their Motion. 
We ſhall now treat of oblique Forces. . 
Let A be a given Point, drawn by three Powers, 152. 
with Threads fixed to it, inthe Direftions AB, AE, and _ II. 
AD; this Point will be at Reſt when the Powers be s > 
to each other as the Sides of a Triangle formed by Lines 
parallel to thoſe Directions That is, if the Powers be 
to one another as the Sides of the Triangle A Db, 
when BA is drawn to b, and Db is drawn parallel 


to E A. In that Caſe, ſuppoſing AB, A E and AD 
| D * 5 reſpectively 
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reſpectively as the Preſſures or Powers acting in theſe 
Lines, if a Parallelogram be formed of two of them, 
as AD, AE, it is manifeſt that the Third B A con- 
tinued out, will be the Diagonal of the Parallelo- 
gram, and that AB, Ab, are equal to each other. 

But that we may in this Caſe demonſtrate that 
the Point A is at Reſt, we muſt conceive the Power 
acting in the Direction AB, and the Powers acting 
in the Directions AE, A D to be deſtroyed, and the 
Point to be at Reſt by ſome Action or other, which 
Action we are now to enquire into. 

Let the ſmall Lines A d, Ae be to one another, 
as AD, AE; that is, as the Power acting in 
thoſe Directions. The Point A, if it were a Bod 
at Liberty, can move through theſe equal Lines 
in the ſame Time; if each of the Powers ſhould 
aft ſeparately and be not deſtroyed (71.) When 
the Point is at Reſt, both the Powers together will 
exert their whole Actions on it, by which there will 
be in the ſame Time an endeavour of Motion in 
the Point to move h both theſe Lines in the 
ſame Time; but if it were moved through both of 
them together, it would be found at 6, in the Dia- 
gonal A b, formed by drawing eb, and 46 parallel to 
Ad and Ae. For if Ad be fo moved along AF, 
that all its Points move in the fame Manner, and at 
the ſame Time the Point A moves along Ad, it is 
acted upon by its own Motion, as alſo by the Mo- 
tion of the Line along which it moves, and will 
come to the End thereof, when the Line is gotto the 
Situation ch, and 6 is that End, becauſe (34. 1 Elem.) 


154. Ad, cb are equal. Therefore by thoſe two Powers, 


thePoint A endeavours to move along the Line Ab, in 
the ſameT ime that it moves along Ae or Ad. Where- 
fore whilſt the two Powers before mentioned act to- 
gether, they are reduced to one, only acting in A b. 

And this Power is to the other two as Ab to 
Ad and Ae; that is, as A b or AB, to AD, and 
AE; therefore ſuppoſing, as at firſt, that the Point 
A is drawn along AB, with a Power proportional to 
this Line, it will deſtroy the Action of the two other 
Powers, and the Point will be at Reſt. It 
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It is a noted — 11 of a Triangle, that the 
Sides are to one another as the Sines of the oppoſite 
Angles ; therefore three Powers will balance each 

other when they are to each other as the Sines of 155. 
the Angles formed by the Directions of the oppoſite 
Powers ; that is, the Power acting in AE, is as the 

Sine of the Angle BAD; for this has the ſame Sine 

with its Complement D Ab to two right Angles, 

which is oppoſite to the Side D b, equal ro AE. 

When four Powers draw a Point, they will pro- 156. 

duce an Equilibrium; if two of the Powers being re- 
duced to one (154.) this new Power and the two 
remaining ones be in the Condition, as by N. 
152 3 that is, if theſe that remain being reduced to 
one only, the Power ariſing from them be equal and 
acts contrary to the new Power formed from the firſt 
reduced to one. 

The Point A is drawn by four Threads towards Plate II. 
D, E, F and G, by Powers that are reſpectively pro- Fs 6 
portional to the Lines AD, AE, AF and AG. b 
forming the Triangle AF b, or the Parallelogram AF 
b G, the ſaid Powers acting in the Directions A F, 
and A G, are reduced to one only, acting along Ab, 
being proportional to this Line (1 54.) and an Equili- 
brium will be had.) If the three Powers acting in AD, 
AE, and A b, have ſuch a Relation as is determined 
(152,)z in which Caſe, if theſe Powers acting in AD, 
AE, be alſo reduced to one only; viz. to that acting 
in AB; AB and Ab will be equal, and in the fame 
right Line. 

What has been ſaid of four Powers, holds true of 137. 
Five or more; for if Twoof the Five be reduced to 
One, we fall on the Example laſt mentioned. 

The Point A is drawn by five Powers in the Di- Pare IT. 
rections AB, AD, AE, AF and AG, having FE. 7. 
their Intenſities proportional to theſe Lines, 

The Powers acting along AD, AE, are reduced to 
one along A c: the Powers acting along A F, AG, are 
reduced to one acting along Ah: And laſtly, theſe 
two new Powers acting along A c and Ah, are re- 
duced to one acting ___ which 1s equal to 

| 3 the 
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the fifth Power acting along A B, in the ſame Line 

If with it, but in a contrary Direction. 

1 158, We farther deduce from the Propoſition of N. 152 
aforemention'd, that the Actions of one Power may 
be reſolved into the Actions of two other Powers, and 
that indeed innumerable Ways, becauſe of the innu- 
merable Triangles that may all be form'd upon the 
ſame given Side. | 

Plate IV. It is the ſame thing whether a Body be drawn by 

Pg 1 a Power acting along A B, whoſe Intenſity is ex- 
preſs'd by this Line, or by two Powers acting in 
A D and AE, or Ae and A d, whoſe Intenſities 
are reſpectively proportional to theſe Lines; but 
this Reſolution of one Power into two others, is in- 
deed arbitrary but only in regard to one of them ; 
for if the one be given, the other is determin d: For 
when two Sides of a Triangle and the Angle they 
contain is given, the Triangle is limited. 

159. By this Reſolution of an Action or Power, in all 
Machines we can reduce one Power acting obliquely 
to another acting directly, and determine the Pro- 

rtion between the direct and oblique Powers; 
which will be manifeſt by the following Examples. 

160. Let the Weight P be hung to the Point B of 

Plate II. the Leaver A B, and let the Power act obliquely 

Frs. along A D or Ad; conceive the Line D E pa- 

| ralle] to the Leaver, when it has an horizontal Si- 

| tuation, and A E perpendicular to the Leaver; it 


the oblique Power be to the Power acting directly 
along A E that ſuſtains the Weight, as A D to 
| A E, an Equilibrium will be had. 
} The Direction of the Motion of the Point A 
| ariſing from the Motion of the Leaver, is perpen- 
dicular to the Leaver z and therefore its Tendency 
is along a Line which is the Continuation of E A; 
and ſince the Diſtance F A is always the ſame, A is 
hinder'd from coming nearer to F, and is repell'd as 
it were along the Direction F A, when the oblique 
Power draws in the Direction A D: But when it 
draws in the Direction A d, the Point A is * 
from 


* 
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from preceding from F, being as it were drawn to- 
wards F. Moreover, the Pomt A is drawn by one 
Power towards D or d; therefore this ſame Point, 
in both Caſes, is drawn by three Powers, whofe 
Directions are parallel to the Sides of the Triangle 
AED, or A Ed; and which therefore, to have an 
Equilibrium, are to one another as thoſe Sides. (152.) 
An oblique Power acting on an Axis in Peri- 
trochio, may be determined in the ſame manner. 


39 


The Weight P is held up with the Ropes A Dr. 
and A E faſten'd to it, by two unequal Powers. In Pure II. 
this Cafe, the Point A is drawn by three Powers. Fx. 9 


Let the Triangle A D b be formed, by drawing 
A b perpendicular to the Horizon, and D b parallel 
to AE; from any point D taken at pleaſure, in the 
Line A D then we know that an Equilibrium will 
be had ; if while the Weight is repreſented by A b, 
the Power acting in the Direction A D is repre- 
ſented by A D, at the ſame Time that D b expreſſes 
the other Power. 


Here we are to obſerve, that when the Inclina- 162. 


tion of the Ropes A D and A E to the Horizon be 
given, the Ratio of the Weight, and the Intenſities 
of the Powers may be obtain'd from Trigonome- 
trical Tables. In the Triangle A Db, if the Line 


D e be conceiv'd to be drawn from the Point D, 


parallel ro the Horizon, and the fame be taken for 
the Radius of a Circle, DA wil} be the Secant, and 
e A the Tangent of the Angle that DA makes 
with the Horizon ; and Db will be the Secant, and 
e b the Tangent of the Angle of the Inclination 
of the Thread A E to the Horizon; from whence 
it follows, that the Intenſities of tho Powers are 
proportional to the ſaid Secants, and the Weight 
follows the Proportion of the Sum of the aforefaid 
Tangents. 

The Force whereby a Body endeavours to deſcend 
on an enclin'd Plain, may be determin'd from what 
has been ſaid of a Point drawn by three Powers. 

D 4 Di- 
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163. 
Plate II. 
Fig. 10. 


164. 


165. 


166, 


167. 
Plate II. 
Fig. 11, 


An EXPLANATION 


DzF1iwnt1rT1on I. 
As inclined Plane is that which makes an oblique 
Angie with the Horizon. 
CB is a Line parallel to the Horizon, and AB 
makes an oblique Angle ABC with it, which 
ſents the inclin'd Plane; and the Line A C is drawn 
from the Top of it perpendicular to the Horizon. 
Dzyr1n1Ti1on II. 
The Line AB is called the Length of the Plane. 
DEFINITION III. 


The Line AC is called the Height of the Plane. 

The Body P laid upon the inclin'd Plane AB, 
endeavours to deſcend on this Plane, in the Direction 
AB: Let us ſuppoſe it to be kept at reſt, by a 
String faſten'd to it, which String is parallel to AB 3 
it is ſuſtain'd by the Plane, that is, as it were 
puſhed by it, in the Direction de perpendicular to 
the Plane, and at Length endeavours to deſcend 
vertically by its Gravity in the Direction ce; there- 
fore the Body P is drawn by three Powers, whoſe 
Directions are parallel to the Sides of the Triangle 
c de, but the Body is at reſt; therefore the Powers 
are to one another as the Sides of this Triangle. (152.) 

Conſequently the Force whereby the Bodies en- 
deavour to deſcend upon the inclin'd Plane, is to 
the Force whereby it is preſſed vertically by Gravity; 
that is, the Weight of the Body, as de is to ce, or as 
ACto AB, viz. as the Altitude of the Plane is to 
the Length thereof; for the Right-angled Triangles 
cde, ABC are ſimilar, the Angles ced, CAB be- 
ing equal. (29. 1. Elem.) (Exp.) 

The Body P being laid upon an inclined Plane, 
and is kept at reſt while it is held by the Thread 
PS, whoſe Direction makes any given Angle with 
the Plane, is drawn by a Force which zs to the 
Heighth of the Body, as 8 P is to RP (152.) ſup- 


poling P R to be perpendicular to the Horizon, and 


AS R perpendicular to the inclined Plane. * 
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163. 
Plate II. 
Fig. 10. 


164. 


165. 


166, 


167. 
Plate II. 
Fg. 11. 


An EXPLANATION 


DzF1w1T1on I. 
An inclined Plane is that which makes an oblique 
Angle with the Horizon. 
CB is a Line parallel to the Horizon, and AB 
makes an oblique Angle ABC with it, which repre- 
ſents the inclin*d Plane; and the Line A C is drawn 
from the Top of it perpendicular to the Horizon. 
DzriINITION II. 
The Line AB is called the Length of the Plane. 
DEFINITION III. 


The Line A C is called the Height of the Plane. 

The Body P laid upon the inclin'd Plane AB, 
endeavours to deſcend on this Plane, in the Direction 
AB: Let us ſuppoſe it to be kept at reſt, by a 
String faſten'd to it, which String is parallel to AB ; 
it is ſuſtain'd by the Plane, that is, as it were 
puſhed by it, in the Direction 4c perpendicular to 
the Plane, and at Length endeavours to deſcend 
vertically by its Gravity in the Direction ce; there- 
fore the Body P is drawn by three Powers, whoſe 
Directions are parallel to the Sides of the Triangle 
c de, but the Body is at reſt; therefore the Powers 
are to one another as the Sides of this Triangle. (1 52.) 

Conſequently the Force whereby the Bodies en- 
deavour to deſcend upon the inclin'd Plane, is to 
the Force * — it is preſſed vertically by Gravity; 
that is, the Weight of the Body, as de is to ce, or as 
AC to AB, viz. as the Altitude of the Plane is to 
the Length thereof; for the Right - angled Triangles 
cde, ABC are ſimilar, the Angles ce d, CAB be- 
ing equal. (29. 1. Elem.) (Exp.) 

The Body P being laid upon an inclined Plane, 
and is kept at reſt while it is held by the Thread 
PS, whoſe Direction makes any given Angle with 
the Plane, is drawn by a Force which is to the 
Heighth of the Body, as SP is to RP (152.) ſup- 


poſing P R to be perpendicular to the Horizon, and 


AS R perpendicular to the inclined Plane. (Exp) 
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PART III. 
Of Motions varied, and of the Action: of 
Powers. 


CHA P. XIII. 
Of the Newtonian Laws of Nature. 


* _ hitherto _ of 1 or 
orces deſtroyed by contrary Preſſures; we 
ſhall now examine the Preſſures acting upon Bodies 
left to themſelves, and continuing in Motion; and 
here we muſt reaſon from Phaznomena, as ſhould be 
done in all natural Philoſophy, and deduce the Laws 
of Nature from them. 

Sir {aac Newton has laid down three Laws, by 
Means of which we are of opinion, that every 
Thing which we know of Motion may be ex- 
plained. 

Law I. 

All Bodies continue in their State of Reſt, or Motion, 168. 
uniformly in a Right Line; except ſo much as they are 
—_ to change that State by Forces impreſs'd upon 
them. 

We ſee that Bodies by their own Nature are in- 169. 
active, and uncapable of moving themſelves; and 
therefore, unleſs they be moved by ſome extrinſical 
Agent, they muſt neceſſarily be for ever at reſt. 

A Body being alſo once in Motion, continues in 
Motion according to the fame Direction, in the ſame 
right Line, with the ſame 8 as we fee by 
daily Experience; for we never ſaw any Change 
made in Motion, but from ſome Cauſe. 

A Body may move by its Force of activity, or 170. 
active Power, and this Force (as follows from the 
Law but now mention'd) will not be changed, but 
by the Action of ſore external Cauſe. 


Law 


171. 


172. 


173. 
Plate IV. 
Fig. 2. 
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Law IL 


The Mutation of Motion is always proportional to 
the Force impreſi d, and is always made according to 
that right Line in which that Force is impreſs'd. 

When a Force acts on a Body in Motion, accord- 
ing to the Direction of the firit Motion, the Mo- 
tion becomes ſwifter. | * 

When a new Force impreſs'd, is contrary to the 
Motion of the Body, the Motion is retarded. 

If the new Force impreſs'd acts obliquely, the 
Body changes its Way. 

And generally all Changes of Motion are made 
according to the Directions and Magnitudes of the 
Impreſſions, and the Effects anſwer to their Cauſes. 

Let A be a Body moved through AE, with a 
Celerity expreſs'd by AE, and let a Force act on 
A in the Direction AD, communicate a Ceterity 
to the Body in that Direction expreſs'd by AD; 
the Body being now acted upon by two Motions, 
by which the Cm AE, AD are run over in the 
ſame Time, thefe two Motions will be no hinder- 
ance to each other, but the Body will move by a 
Motion compounded of both thoſe Motions, ac- 
cording to this Law, as has been deduced from Ex- 
periments. 

In order to determine this compound Motion, we 
muſt conceive the Line AD, while the Body is 
moving in it, to be carried along with a parallel 
Motion, and ſuch a Celerity as the Body moves 
with in the Direction of the Line AE, which the 
Point A moves over by this Motion. That is, we 
muſt ſuppoſe every Point of the Line A D to move 
in Lines parallel to AE with the Velocity AE; 
and ſo in whatſoever Part of this Line the Body 
is ſuppoſed to. be, it will have the ſame Motion 
with it : Moreover, we ſuppoſe the Body to move 
along this Line by its own Motion, and thus it 
partakes of two Motions 

Now, ſuppoſe the Line A D to be carried into 
the Situation ad, the Body will be in b, fo 8 

A 
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AE is to AD, as Aa to ab; becauſe both the 
Motion of the Line and of the Body, is ſuppoſed 
to be equable. If the Parallelogram ADBE be 
compleated, and the Diagonal A B drawn, it evident- 
y follows, that the Point & will be found in this 
Diagonal, and the Body will become to B, when the 


43 


Line AD is arrived at EB. Therefore a Body 174. 


moved by a compound Motion, runs along the 
Diagonal of a Parallelogram form'd by Lines ex- 
preſſing the Directions, and their Lengths the Velo- 
cities of the Motions, while the Diagonal itſelf re- 
preſents the Celerity of the compound Motion. 

We ſhall ſee in what follows, that this Law takes 
Place with regard to a Force of Activity; that is, 
the Force of Activity of a Body, moved along the 
Diagonal A B, is equal to the Forces; the Firſt 
acting along A E, and the Second, which is commu- 
nicated to the Body, in the Direction A D. viz. If 
the Second Force does not act partly contrary to the 
Firſt, which happens when the Angle EAD is ob- 
lique; in which Caſe the new Impreſſion will in 
ſome Meaſure leſſen the Firſt Force. 


Law IM. 


Action is always equal, and contrary to Reaction; 175. 


that is, the Actions of two Bodies upon each other, are 
always equal, and in contrary Directions. 


All Action requires Reſiſtance, take away the 176. 


one, and the other vaniſhes; for who can conceive 
an Action without an Obſtacle ? 

If an Action be greater than the Reſiſtance, it will 
partly act without the Obſtacle, which is impoſſible. 


If the Reſiſtance be ſuppoſed the greater, becauſe this 


is the contrary Action, the ſame Conclufion will 

follow; and it appears enough evident, that contra 

Actions are equal to one another, which yet will be 
{ doubt, from the following Conſideration. 


Let ſome Force act upon an Obſtacle, if this does 1 7. 


not give way, it will be retain*d by ſome Force, and 
a Preſſure will be obtain*d acting contrary to the 


firſt Force, and will deſtroy it; wherefore they 


are 
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are equal to one another (63.) When I preſs 2 
Stone fix'd in any Place with my Finger, my Finger 
is _— preſs'd by the Stone. 

If the Obſtacle gives way, it is reſiſted by its In- 
activity (13.) If a Body be drawn with a Rope, al- 
though it can act freely, yet the Rope will be equally 
ſtreteh'd both ways, which ſhews the Equality of 
the oppoſite Actions: But the Body gives way, 
though it reſiſts, by a Force equal to that wherewith 
it is drawn; becauſe it does not reſiſt during its be- 
ing at reſt, but when ir acquires Motion (13.) 

A Coach is drawn, in the beginning of the Motion, 
by the Force of Inactivity; afterwards it is reſiſted 
from the Friction of the Wheels, and other little Ob- 
ſtacles perpetually lying in the Way ; and this Reſi- 
ſtance is overcome by the Horſes, as the Coach 
moves on by its proper Motion (168.). By this 
Motion the Traces are both ways equally ſtretch'd, 
which ſhews that Action and Re- action are equal; 
notwithſtanding the Coach follows the Horſes, be- 
cauſe this only reſiſts while it follows them, and re- 
fiſts becauſe it follows. 

The Motion of a Body in Action is deſtroyed 
after the ſame Manner as it is communicated to the 
Body when it is at reſt; ſo that in this Caſe the 
Reſiſtance is equal to the Action, like as in that. 

179. Therefore we ſce that this third Law takes Place in 
1} thoſe Motions which are referr*d to Attraction (39.) 
| The Load-Stone draws Iron, and 1s equally drawn 
1 by the Iron. (Exp.) 
q When a Man ſets in a Boat, and by a Rope pulls 
1 towards him another Boat exactly as big, and as 
| much laden, both the Boars will be equally moved, 
and meet in the middle of the Diſtance they were at 
| when firſt in Motion. If one Boat be greater than 
the other, or more laden, the Velocities in each will 
| be different, according to the different Quantities of 
| matter in each. 
| But the Reſt of Bodies ſhews the perfect Equa- 
| lity of the Motions, when they accede to one 2 
erz 
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ther; for though they mutually preſs one another, 
and can eaſily give way as much as you pleaſe, yet 
the one will not remove the other out of irs Place. 

If before the Concourſe an Obſtacle be put be- 
tween, which Concourſe indeed does not impede the 
mutual Action, this will be at reſt with the Bodies, 
although no Force retains it; and it is manifeſt that 
the Obſtacle is equal preſs'd both ways, while the 
Bodies murually tend to each other. 

Therefore this Law generally takes Place in all 
Bodies acting upon one another. 


CH AP. XIV. 


Of the Acceleration and Retardation of 
heavy Bodies. 


DzFiniTion LI. 


N accelerated Motion is that Motion whoſe Velo- 180. 
city is perpetually encreaſing. 

A retarded Motion is that whoſe Velocity is lefſen'd 181. 
every Moment. 

The Force of Gravity acts continually on all Bo- 
dies, according to their Quantity of Matter; and 
whatever they be, they are moved by Gravity after 
the ſame manner (89.) When a Body falls freely, | 
the Impreſſion made upon it in the firſt Moment, is | 
not deſtroyed in the ſecond Moment ; therefore the 
Preſſure made upon it in the ſecond Moment, is 
fuperadded to it, and ſo on, Wherefore the Mo- 182. 
tion of the Body that falls freely is accelerated, and 
that equally in equal Times, as is evident from Ex- 
perience. 

From whence it follows, that Gravity acts in the 183. 
ſame manner upon Bodies in Motion, as upon Bodies 
at Reſt ; becauſe equal Celerities are communicated to 
the Body in equal Moments. 

Whence that Celerity which is acquir'd in falling, 184, 
is as the Time in which the Body has fallen. For 
Example, the Velocity acquir'd in a certain Time, 

will 
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185. 
Plate III. 
Fig. 1. 


186. 


Plate III. 
Fig. 1, 
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will be double, if the Time be double, and Triple, 
if the Time be triple, c. 

Let the Time be expreſſed by the Line AB, and 
let the beginning of the Time be A. In the Triangle 
ABE, the Lines 1 f,, 2g, 35, which being parallel 
to the Baſe, are drawn through the Points 1, 2, 3, 
are to one another as Ar, A 2, Az, their Diſtance - 
from A, that is, as the Times expreſſed by thoſe Di- 
ſtances; and do expreſs the Velocities of the Bod 
falling freely after thoſe Times. If for Mathemati- 
cal Lines others be taken of a very ſmall Breadth, 
equal to each of them, the Proportion will not be 
changed thereby, and theſe ſmall Surfaces will in 
the ſame Manner denote the Velocities aforeſaid. In a 
very ſmall Time the Velocity may be taken as equa- 
ble, and ſo the Spaces run through in that Time is 
proportional to the Velocity (38.) In each of the 
ſmall Surfaces but now mentioned, if the Breadth 
thereof be taken for the Time, that Superficies will 
expreſs the Space run through. The whole Time 
AB conſiſts of ſuch very ſmall Times, and the 
Area of the Triangle AB E is made up of the Sum 
of all thoſe little Surfaces anſwering to theſe ſmall 
Times. Therefore this Area expreſſes the Space 
moved through in the Time AB. In like Manner 
the Area of the Triangle A 1 f, will repreſent the 
Space moved through in the Time A 1. Theſe Tri- 
angles are ſimilar, and their Areas are to one another 
as the Squares of the Sides AB, A1, or BE and 17 
(19. 6. Elem.) that is, the Spaces moved through from 
the beginning of the Fall, are to one another as the 
Squares of the Times during which the Body fell; or as 
the Squares of the Velocities acquired in falling. 

Having divided the Time AB into the equal Parts 
Al, 1,2, 2, 3, 3 B, through the Diviſions draw 
Lincs parallel to the Baſe; the Spaces gone through in 
thoſe parts of Time, that is, in the firſt, ſecond, and 
third Moment, &c. ſuppoſing the Moments equal, 
are to one another as the Areas Af, 1fg2, 2gb3, 
36 EB; which Areas, as appears by the hn” 
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of the Figure, are to each other as the odd Numbers 
I, 3, 53 7» 9, Cc. * 

If the Body after it has fallen during the Time 
AB, ſhould be no more accelerated, but ſhould con- 
tinue its Motion uniformly with the Velocity BE 
acquired by that Fall, during the equal Time BC, 
the Space moved through by this Motion is ex- 
preſſed by the Area B D, which is double the Area of 
the Triangle ABE. And therefore à Body falling 
freely from any Height, with that Velocity it has acquired 188. 
by the Fall, will in a Time equal to the Time of the 
Fall, run through a Space, by an equable Motion, twice 
the ſaid Height. | 

The Motion of a Body thrown upwards, is retard- 189. 
ed in the ſame Manner as the Motion of a falling 
Body is accelerated, by the ſecond Law (171.). In this 
Caſe the Force of Gravity conſpires with the Motion 
acquired; and in that it acts contrary to it; but 
ſince the Force of Gravity communicates equal Velo- 190. 
cities to the Bodies in every Moment, the Motion of a 
Body thrown upwards, is allo equally diminiſhed or 
retarded in equal Times (183.) 

The fame Force of Gravity generates Motion in a 
falling Body, and deſtroys it in a riſing Body; it 
alſo acts as well on a Body in Motion as upon one 
at Reſt (183.) Therefore the ſame Forces are gene- 
rated and deſtroyed in equal Times. A Body thrown 191. 
up, aſcends till it has loſt all its Motion; therefore 
it goes up during the ſame Time that a Body falling can 
acquire @ Velocity equal to the Velocity with which the 
Body is thrown up. 

If BA repreſents the Time wherein a Body aſcends, 192. 


and BE the Velocity with which it is thrown up, Plat III. 


the Aſcent will ceaſe, when the Velocity of the Body Fig. 1 
becomes nothing, and ſo the Lines parallel to the 
Baſe in the Triangle ABE do repreſent the Velo- 
cities in thoſe Moments of Time to which they an- 
ſwer (190) and the Area of the Triangle AB E ex- 
preſſes the Space moved through in the Aſcent, as 
may be deduced from the Demonſtration relating 
to falling Bodies (185.). But fince BE is the Velo- 

2 city 
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city deftroyed in the Time A B, it is the fame as the 
Body can acquire by its Fall in the Time AB (161.) 
and this Tri ABE is the fame that the Space 
moved by the Fall repreſents, while the 
Body, during its Fall, acquires this felf-fame Velocity 
(185.). Whence it follows that # Body thrown up, will 

193. riſe to the ſame _— from which, when falling, it 
would acquire the Velocity wherewith it is thrown up. 

194. Therefore the Heights that Bodies thrown up with dif- 
ferent V elocities cam riſe to, are one to another as the 
Squares of thoſe Volocities (186.) 


CH AP. XV. 
Of the Deſcent of 1 Bodies upon inclined 


EF, 


H E Force whereby a Body endeavours to fall 

T down upon an inclined Plane ariſes from Gra- 
vity, and is of the ſame Nature with Gravity, or it 

is rather Gravity itſelf, becauſe the Body is partly 
ſuſtained by the Plane : Conſequently, that Force 1s 
every Moment equal in every part of the Plane (87.), 
acting upon the Body in Motion after the very ſame 
195. Manner as when it is at Reſt (183.). Therefore the 
Motion of a Body falling freely down an inclined 
Plane is of the fame Nature with the Motion of a 
Body falling freely, and what has been ſaid concern- 
ing this, may be alſo applied to that ; it is therefore 
196. a Motion equably accelerated in equal Times (182.) 
and the Propoſitions of Numb. 183, 184, 186, 187, 
188, 189, 190, 193, and 194, may be here _= 
uppole 


| if inſtead of a direct Aſcent or Deſcent, we 

1 a Motion upon an inclined Plane. 

[| 197- The Velocines by which two Bodies deſcend, one 

| of which falls freely, and the other runs down an 
inclined Plane; if the Bodies begin to fall at the 
ſame Time, have the fame Ratio to one another 
every Moment as at the Beginning of the Fall (182, 
195.) therefore the Spaces moved through in the 

4 Jame Tune are in the Ratio of the Length of the 

' Plane ta its Height (166. 71.) 


The 
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The Space moved through upon the Plate III. 
Plane AB, whilſt 1 falls ya freely FK. 2. 
the Height AC of the Plane, isdetermined by draw- 
in endicular to AB. For then the Length 198. 


he 7 ane AB is to its Height AC, as AC is to 
A G (4. 8. 6. Elm.) If a Circle be deſcribed with the 
Diameter A C, the Point G will be in the Circum- 
ference of the Circle, becauſe the Angle AGC in a 
Semi- circle is a right Angle (31. 3. Elm.) and fo the 
Point G in any Inclination of the Plane, is always in 
that Circumference. From whence it follows that 
all Chendh, as A G, are to one another, as the 
Forces, by which the Bodies endeavour to fall down 
— 198.) and that they are moved through 
oy. = Bodies i in the ſame Time that a Body falling 
3 would run down the Diameter, and therefore 
the Time of the Falls along thoſe Chords are equal. 
To every Chord, as HC, — _— thePointC 
theremay bedrawn another fromA I, being equal 
to it, and having the ſame Tacknation : 
in a Semi. circle, as AH C, the Forces whereby Bo. 199. 
dies endeavour to fall down the Chords, which ter- 4 
minate in the * _ are to one another as | 
theſe Chords ; and when a is left to itſelf, it 200. 
will come to the loweſt Point * the Semi- circle, in | 
the fame Time, whether it falls freely down the 
Diameter, or whether it falls down any Chord HC, 
whatſoever. 
The Time of the Fall along the whole Plane AB, may 2.91. 
be compared with the Time of the Fall along the Height 
AC of the Plane; for this Time is equal to the Time 
of the Fall along A G, and the Squares of the Times 
are to one another, as A B, to AG (196. 186.) But 
AB is to AC, as AC is to AG (19 8.) 
Therefore the Squares of the Lines AB, AC, are 
to one another, as ABto AG (20. 6. Elm.) — 
fo theſe Lines AB, AC are to one another, as the 
Times of the Deſcent through AB and AG, or AC, 


that is, the Times, in are as the Spaces 
moved through. 


E. The 
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202. The Pelocities at the end of the Fall are equal too, in 
the ſaid Caſe ; for at the end of equal Times, when 
the Bodies are in G and C, the Velocities are in the 
fame Ratio, as at the beginning of the Fall (182. 

196.) that is, as AC toAB (166.) when the Body falls 
down from G to B, the Velocity increaſes as the Time 
(195.) and the Velocity in G 1s to the Velocity in B, 
as ACto AB (201.). Therefore the Velocities in B 
and C have the ſame Ratio to the Velocity in G, and 
are equal. Hence it appears, that a Body acquires the 

203. ſame Velocity, when it falls from a given Height, whe- 
ther it falls perpendicularly or along an inclined Plane. 
And fince the Angle of Inclination cauſes no Altera- 
tion, 4 Body may fall down many inclined Planes of 
different Inclinations, and even along a Curve (which 
may be conceived to be made up of innumerable 


Fig 1 


Plate III. 


Fig. 


will always be the ſame, when the Height is equal. For 
whether the Body falls through AB or EB, the Ve- 
locity in B will be the ſame, as likewiſe its Motion 
along BC; and ſo it will have that Velocity in C, 
which it would have acquired in falling down along 
EC; and that Velocity in D, which it would have 
had in falling along GD (Exp.) 
204. But we are to obſerve, that the Paſſages of the 
Body from one Plane to another, muſt be eaſy made 
„ without any ſtriking againſt the Plane. For if it 
ſtrikes againſt them, its Velocity will be leſſened, as 
we ſhall ſpeak of in due Time; and therefore the 
different Planes muſt be joined with Curves. - 
205. A Bodythat has acquired any Velocity in falling down 
along any Surface, whether Plane or Curve, will riſe 
up to the ſame Height along another fimilar Surface, 
with the ſame Velocity in the ſame Time (193. 196.) 
for the Velocity is deſtroy'd in the Aſcent, juſt as it 
is acquired in the Deſcent (Exp.) | 
206. Jn any Curve whatever, a Body will riſe up to the 
ſame Height with that Velocity, which it has acquired 
in falliag down that Height (205. 203. Exp.) 


From 
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From what has been demonſtrated (203.) in this 207. 


Chapter, we deduce the Method of confirming by 
Experiments, what we have already demonſtrated 
(186.) of the Velocity of falling Bodies (Exp.) 


CHAP. XVI. 


Of the Oſcillation, Vibration, or Swinging of 
Pendulums. 


DzFINITION. 
A Heavey Body, hanging by a ſmall Thread; and mo- 208. 
able with the Thread about a Point, to which the 
Thread is fixed, is called a Pendulum. 
The Motion of a Pendulum is an oſcillatory vi- 
bratory or ſwinging Motion. | | 
When the Thread is extended; and the Weight 
raiſed up on one Side, it deſcends by its Gravity, 
and with the Velocity it has acquired, riſes up to the 
ſame Height on the other Side (205.) then it re- 
turns by its Gravity, and ſo continues its Vibrations. 
We ſuppoſe the Motion about the Point of 
Suſpenſion to be abſolutely Free, and that there is no 
Reſiſtance of Air, which is very ſmall in great Pen- 


dulums. 


The Body P by its Motion deſcribes the Arch 299- 
PBG of a Curve: If inſtead of that Motion, the 2. IV. 


Body ſhould deſcend along 
terwards aſcend along the Chord B G, and ſo ould 
22 its Vibrations in Chords ; the Deſcent would 
made in that Time in which the Body by its fall 
would move along the Diameter of the Circle PBG 
** that is, twice the Length of the Pendulum. 
n the ſame Time it aſcends in the Chord B G (20g. ) 
therefore in the Time of one whole Vibration, the Body 
in falling might have run through four Diameters (186.) 
viz. eight Times the Length of the Pendulum. And 
all the Vibrations in Chords, whether great or ſmall; 
are performed in the ſame Time. In ſmall Vibra- 
tions their Durations, _ the Body moves in _ 
2 7 


the Chord PB, and af. 1 3. 
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212. 


213. 


214. 


115. 
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cle, have a conſtant Ratio to the Durations of the 
Vibrations in the Chords; viz, That which the 
Quadrant of a Circle has to its Diameter: There- 
fore the ſmall Vibrations of the ſame Pendulum, though 
unequal, are performed in the ſame Time, ſo far as 
our Senſes can judge (Exp.) 

But this equality is to be explained, as well as 
why the Vibrations in a Circle, have the above- 
mentioned Ratio, to the Vibrations in the Chords. 

Let the Circle FEB roll along the Line A D, 
till the Point B comes to A in the ſame Line; by 
ſuch a Motion, the Point B will deſcribe the Part 
BP A of a Curve Line: by the fame Motion a like 
Part BD of the Curve will be deſcribed, and the 
whole Curve A BD, is called a Ocloid, and the Cir- 
cle FE B the generating Circle. | 
Divide the Curve into two equal Parts in B, and 
let the Parts BA and BD have ſuch a Situation, 
as the Points A and D may coincide in C; and the 
Point B coincide with the Points A and D of the 
Line AD. Let two Plates of Metal be bent ac- 
cording to theſe Curves, ſo that the Thread of a 
Pendulum ſuſpended at C, may apply itſelf to theſe 
Plates on either ſide, and make the Curvature 
with them, during its Vibration. Then ſuppoſe 
CB to be the Length of the Pendulum, the Body 
P by its Vibrations will deſcribe the Cycloid ABD, 
as is demonſtrated in the Scholiums of our Ele- 
ments, ſo that the Thread, having BC for its Length, 
will be equal to the Curve CA; wherefore the whole 
Curve ABD i double the Line CD, and four Times 
the Axis F B. 

It is alſo demonſtrated in our Scholiums, that a 
Tangent to the Curve in any Point, as P, is parallel to 
the Chord EB, drawn in the Circle FBE to B the 
loweſt Point, from the Point E, being that wherein the 
Line PE drawn from the Body P, parallel to the Baſe 
AD, cuts the Circle: as alſo that the Part PB of the 
Curve is equal to twice the Chord E B. 


But 


of the Newtonian Philoſophy. 


But ſince the Body in every Point of the Curve 
deſcends in the Direction of the 4. — to that 
Point, it follows that the Body in every Point, as P, of 
the Curve, endeavours to deſcend with that Force, with 
which it would deſcend in the anſwerable Chord EB 


$3 


(214.) and which is proportional to this Chord (199.) 216. 


or to the double thereof; that is, o the Part of the 
Curve between this ſame Point P, and the loweſ Point 
B of the Curve. 


From whence it follows, that if two Pendulums, 217. 


as CP, be let fall at the ſame Time from different 


Heights, the Velocities with which they begun to 


fall, are to one another, as the S to be run 
through before they arrive at B: If therefore th 

were moved not by an accelerated Force, with th 

Velocities only, they would both come to B at the 
ſame Time (58.) in like manner wherever they were 
in the ſecond Moment, they would ſtill come to B 
in the ſame Time with the Velocities acquired in 
this Moment ; and this is true alfo of all the fol- 
lowing Moments; and half the Vibrations, from all 
the Velocities joined together, however unequal, as 


well as the whole Vibrations, are all performed in the 


fume Time. 


We have alſo demonſtrated in the Scholiums, that 218. 


the Time of any one Vibration, is to the Time of the 
Perpendicular Fall through half the Length of the Pen- 
dulum, as the Circumference of a Circle, is to its Dia- 
meter. | 

The lower Part of the Curve of the Cycloid 
coincides, as to Sence, with a ſmall Archof a Circle ; 
and this is the true Reaſon why in a Circle the 
Times of ſmall Vibrations, however unequal, are 
equal, and have the aboveſaid Ratio, to half the 


Time of the perpendicular Fall through half the 


Length of the Pendulum; viz. that of the Circum- 


ference of a Circle to its Diameter. But this Time 


of the perpendicular Fall through half the Length of 
the Pendulum, is rn of the Time of 
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An EXPLANATION 


the Fall through eight Times the Length of the 
Pendulum (186.) which Time is equal to the Du- 
ration of Vibration along the Chords (209.) 
therefore the Duration of the Vibration in the Arch, 
is to the Duration of the Vibration through the 
Chords, as the Circumference of a Circle is to 
four Times its Diameter; or as a Quadrant of a 
Circle is to its Diameter, as we have already ob- 


219, ſerv'd; that is, nearly as 11 is to 14, And the 


Pendulum performs its Vibration ſwifter through 
the Arch, than through the Chords. 
220, 


Pendulums, may 


| 221. 
Plate IV, 
Fg. 3. 


. Chord DB. For drawing 


| The Durations of the Vibrations of unequal 
be compar'd to one another. 
When the Arches are ſimilar, the Deviations, in re- 
ſpect of the Chords, are alſo ſimilar; and the Times 
of the Vibrations in the Arches, are as the Times 
of the Vibrations in the Chords : But theſe are as 
the Times of the Deſcent through eight tim es the 
Length of the Pendulum (209.) and the Squares of the 
Durations are as eight times theſe Lengths (186.) 
or as the Lengths of the Pendulums. (Exp.) 

When the Vibrations are ſmall, this Ratio ſtill 
obtains, alth the Pendulums do not perform 
their Vibrations in ſimilar Arches (210. ) 

The Velocities of à Pendulum in the loweſs Point, 
when the Vibrations are unequal, are to one another as 
the Chords of thoſe Arches, which the Body deſcribes 
in its Deſcent, The Velocity of the-Body P, falling 
through the Arch PB, is to its Velocity when it de- 
ſcends through DB, as the Chord PB is to the 
the Lines Pf, Dd parallel 
to the Horizon, and joining P and A, the Triangles 
Pf B, BPA are ſimilar (31. 3. Elm. 8. 6. Elm.) and 
ſo Bf, BP, BA are continual Proportionals (4. 6. Elm.) 
and the Square of the Chord BP is equal to the 

roduct of the Diameter by Bf (17. 6. Elm.) In like 
anner, the Square of the Chord BD, i equal to 
the Product of the Diameter by Bd; therefore the 
Squares of the Chords are to one another as theſe 
Products, which are as the Lines f B, ad 


of the Newtonion Philoſophy. 55 


Elm.) the Squares of the Velocities aforemention'd, 
are alſo as theſe Lines (203. 186.) therefore the 
Velocities are as the Chords. 

In all that has been ſaid hitherto about Pendu- 223. 
lums, it matters not what the Weight of the Body 
is, nor whether the Weight of different Pendulums 
be unequal, or made of different Materials: Be- 
cauſe the Force of Gravity, is proportional to the 
Quantity of Matter in all Bodies (9o.) all Bodies 
under the fame Circumſtances, will be equally movꝰd 
by Gravity. (Exp.) 

Oftentimes inſtead of a Thread, a ſmall, but ſtiff 224. 
Iron Rod is made uſe of, and ſometimes alſo two or Plate IV. 
more Weights are fix d to it, and it is called a com- HA. 5: 
pound Pendulum. In this Caſe, what has been al- 
ready demonſtrated does not take Place; but ſuch 
Pendulums arereduc d to ſimple ones, by determini 
ſuch a Point in them, that if all the Weights were 
united in it, the Vibrations would be of the ſame 
Duration as thoſe of a compound Pendulum. This 1 
Point is call'd the Centre of Oſcillation. In the 
Scholiums to our Elements, we have explain'd the 
Way how to determine this Point, the following 
Property thereof being firſt demonſtrated, 

If every one of the Weights be multiplied | by its 225. 
Diftance from the Centre of Suſpenſion and Oſcillation, 
the Sum of the Products on each Side of this Centre will 
be equal. This Product, for the Weights which are 
Joined to the Iron Rod, continued out above the 
Centre of Suſpenſion, muſt not be added to the Sum 
of the Products of the Weights that are diſpoſed 
between the Centre of Oſcillation and Suſpenſion 
but they ' muſt be added to the Products of the 
Weights that are «gy below the Centre of Oſcil - 
lation in the Pendulum. | 

A Body of any Weight may be ſuſpended, and vi- 
brate about a Point, or rather an Axis; and the Cen- 
tre of Oſcillation in ſuch a Body may be determin'd. 

When a rigbt Line of an equable Weight, ſuch as is 226. 
an Iron or Braſs Wire, vibrates about one End; the Plate W 
E 4 Centre F. 6. 


An EXPLANATION 


Centre of Oſcillation O, is diſtant from the Point of 
Saſpenſion C, two third Parts of the Length of the 
ire. Which we have alſo demonſtrated in the 
Schollums. (Exp.) 

The Vibrations of Pendulums, as we have already 
ſaid, though unequal, are to be perform'd in equal 
Times (210,) and this Property of Pendulums 1s of 
great Uſe in Clocks, to which an equable Motion is 
communicated by fixing on a Pendulum. 

By 8 Clocks to different Places, it has been 
found, that the Force of Gravity is not equal in all 
Parts of the Earth; becauſe the Vibrations of the 
ſame Pendulum have been found unequal in reſpect 
to Time, and that Difference of Gravity is meaſur' d 
by Pendulums. 

Les there be two Pendulums, CP, cp, whoſe Lengths 


Fir» 1%. are to ce another, as the Forces of Gravity by which 


230. 


ihey are moved : If they run thro? ſimilar Arches, in 
correſpondent Points, their Forces will be always in 
the ſame Ratio; and they will generate Velocities in 
the Ratio of the Arches moved through (becauſe 
the fimilar Arches are as the Lengths of the Pendu- 
hims) which therefore will be run through in equal 
Times (58.) that is, the Vibrations will be made in 
equal Times. 

If they be reduced to the ſame Length, by chang ; 
ing the Pendulum cp, whoſe Length is made cg, 
equal to CP; the Square of the Time of the Vi- 
bration of the Pendulum c 4, is to the Square of the 
Time of the Vibration of the Pendulum cp, or 
CP (228.) as cq or CP, is to cp (220.) that is, 
as the Gravity which acts upon the Pendulum CP, 
is to the Gravity which acts upon the Pendulum ; 
therefore the Squares of the Times of the Vibra- 
tions of equal Pendulums, are inverſly as the Forces 
of Gravity with which the Pendulums are acted 
upon. 

And in general, the Squares of the Times of the 
Vibration of Pendulums, are directly as the * 
3 8 
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of the Pendulums (220.) and inverſly as the Forces 
of Gravity by which they are moved (229.) 
Therefore the Forces of Gravity are directly as 231. 
the Lengths of the Pendulums (220.) and inverſly as 
the Squares of the Times of their Vibrations (229.) 
From the Occaſion of the Motion of a Pendulum 
we obſerve, that a Body deſcends from one Poine 
ro another along an Arch, ſwifter than along a 
right Line (219.) and that a Body may fall down 
in a ſhorter Time, than it does through the Arch of 
a Circle: And in the Scholiums to the Elements we 232. 
demonſtrate, that the Line of the ſwifteſt Deſcent 
from one Point to another, is more depreſs'd, and 
not ſituate in the ſame vertical Line with the Firft, 
is a Cycloid inverted vertical, the extreme Point of 
which coincides with the upper Point, and which 


paſſes through the lower Point. (Exp.) 
C HAP. XVI. 
Of the Projection of heavy Bodies. 


F a Power acts upon a Body in Motion, the 233. 
I Motion is changed (171.) If a Body be pro- Plate IE 
ſected in the Line AB, in that time wherein it can Jr. + 
run through A B by the Force of Gravity, it will be 
carried along BE towards 'the Centre of the Earth; 
and ſo it will move along AE by a Motion com- 
pounded of both theſe (174.) and by this Motion, in 
the ſecond Moment of Time, it would run through 
E C equal to A B, if it were not in the ſecond Mo- 
ment carried by ho ſame Force of Gravity al 
CG; ſo that the Body in the ſecond Moment will 
move along EG, In like manner, the Motion in 
the third Moment isthro' G H, and in the fourthMo- 
ment thro* HI; but ſince the Force of Gravity is 
continually acting, thoſe Moments of Time are ſmall, 
and there is every where another compound Motion 
had, that is, another bending or infleftion of the 
Direction; the Body will therefore move in a n 


58 4. EXPLANATION. 

234. This Motion of a projected Body may be more ſim- 
ply confider*d, in all Projections that we can be able 
to make; becauſe all Lines in the Space through which 
the Body paſſes, tend to the Centre of the Earth, and 
may be taken as Parallels; and ſo the Direction of 

Grovity is not alter d. Wherefore it is evident, that 

the Motion of a Body projected, conſiſts only of two 

Motions; the former — equable along the Line 

of the Projection, and the other accelerated towards 

ws >= be projected in the Line A E, paral- 

2283. Let a 7 in ine A 
Plate it tel to the — b equal Times by that Motion, 
Fig. 5. it will run the equal Lengths AB, BC, CD, DE. 

By Gravity it will be carried with a Motion perpen- 

dicular to the Horizon, in the Direction BF, CG, 
DH or EI, which Lines are ſuppoſed parallel: This 
Motion is accelerate; and therefore if after the firſt 
Moment the Body be in F, after the Second it will 
be in G, after the Third in H, after the Fourth 
at I; ſo that ſuppoſing BF to be one, CG will be 
four, DH nine, and EI ſixteen (186.) the Body 
will run along a Curve, > Hye all the 
Points that may be determin'd after the ſame Man- 
ner, as F, G, H, I; which Curve is called a Para- 
bola. (Exp.) ; 

236. What has been ſaid of the Curve deſcrib'd by a 
Body projected horizontally, may alſo be apply'd 
to any Projeftion whatſoever. 

Plate III. Let a Body be projected in the Direction AE, 

Fg. 6. andlet AB, BC, CD, DE be equal ; the Body 
will move along the Curve AF G HI, ſo that the 
vertical Lines BF, CG, D H, EI are to one ano- 
ther as 1, 4, 9, and 16; in which Caſe the Curve. 
is alſo called a Parabola. 

_ Dxnyinirron 

237. Let Al be a Plane which paſſes through A; if the 
aforeſaid Carve cats it in I, Al is called the Ampli- 
tude of the Projection. 


e 
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The Motion of Bodies projected with the fame 
Velocity, but different Directions, may be compared 
with one another. 
And a Body may be projetted with a given Velocity, 238. 
to a given Diſtance in a gives Plane. 
to I in an in- Plate III. 


Suppoſe a Body is to be 
clin'd Plane A I, with that Veloci which it ac-*#- ©: 
A, 
parallel to 


quires in falling from the Height 
cular to the Horizon AL. Draw MN 

the Horizon ; raiſe AN at right Angles to the Plane 
Al, cutting MN in the Point N ; with the Centre 
O, the Middle of the Line AN, deſcribe a Circle 
through A, which will alſo paſs th M ; let 
A R be one fourth Part of the Line Al; 

= CP my 3 m_ 
that 1s, lel to the Line AM, cutting I 

in cbe Peing B, b: If the Body be projected in the 
Direction A B or A b, it will fall in the Point I; by 
which Means alſo the Direction of the Projection is 
determined, if the Point I be in the horizontal 
Line, paſſing through A (in which Caſe M and N 
w1ll coincide) or below this horizontal Line. 

The Body may run through AE with that e- 239. 
quable Motion, "kd the Projection is — 
while it falls through EI, becauſe the Bod 
projected with the Velocity acquir'd in * 
through MA: With the equable Motion it 
will move twice the MA in the Time of its 
fall M A (188.) but the Spaces run through 
with the _—— „ are to one another as 
the Times (59 heT lone of the Fall 
MA, 8 G dtbe Time of the Fall through EI, as 
twice MA is to AE; and ſo 2a MA q is to AE q, 
as MA is to EI (186.) Therefore if we can demon- 
ſtrate, that ſuch a Proportion ariſes from the Con- 
ſtruction aforeſaid, it will appear that the Direction 
has been rightly determined. 

Draw MB, and we have the Angle BAR with 
the Tangen t AR, for ini peptic w the Ra 
2 * 0; and with the ad: '> 
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240. 


241. 


. EXPLANATION 


forms an Angle equal to the Angle AMB, in the 
oppoſite Segment (32. 3. Elm.) the alternate Angles 
RB A, M AB are too (29. 1. Ein.) — 5 
the Triangles ABR, AMB (32. 1. Ein.) are equian- 
gular; and the Lines MA, AB, B Rare p ional 
(4. 6. Elm.) therefore AMq is to ABq, as MA 
is to BR (20. 6. Elm.)andſo2 MA q is to 2 ABq, 
or ACq as MA to BR, and multiplying the 
Conſequents by four, we ſhall have 2M Aq to 
AC 9q multiply'd by four, that is, 2 ACq or AEq, 
as MA to 4BR or EI, which was to be demon- 
ſtrated. | 

The Demonſtration 1s the ſame when the Body is 
projected in the Direction A b; from whence it fol- 
lows, that a Body may be projected with two different 
Directions, ſo as to fall in the ſame Point. But when 
a Body is to be projected, to the greateſt Diſtance in a 


given Plane, with a given Velocity, there is then but 


one Direction only to project the Body in, the Points B 
and & coinciding in Q the middle Point of the 
Arch MQA, from which Point, the ſaid Points 
Band Care always equally diſtant. 

If AI be horizontal, the Arch AMQ is a 
Semicircle; and in that Caſe, the Amplitude of the 
Projection, wherewith the Body is projected, the 
Velocity remaining the ſame, is the greateſt poſſible, 


| when the Direction of the Projection is at half right 


242. 


Angles with the Horizon. When the Velocity 
is changed, and the Body projected in the ſame Di- 
rect ion, the Amplitude is alſo changed in the ſame 
Ratio with the Altitude A M ; that is, the Ampli- 
tudes, with the ſame Direction, are as the Altirudes 
from which Bodies falling may acquire Velocities, 
wherewith they are projected ; therefore they are as 


the Squares of the Velocities (186.) 


Ler M A be again the Altitude, from which a 


Body falling may acquire the Velocity, with which 
it is projected in the Direction AB; the higheſt 


Point of the Way run through is determined, b 
deſcribing. a Semicircle, whoſe Diameter is AM, 
1 


through 
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through the Point B, in which the Direction of the 
Projection cuts it, drawing the Horizontal Line 
LBG, and making BG equal to BL]; for the 
Point G will be that ſought. 

The Demonſtration of this will a 
tend to what follows: Having drawn A I horizontal, 
the Body projected as aforeſaid, will fall in the 
I I, ſuppoſing AI to be four times LB or 

(238.) 

While the Body is projected in AB, this Motion 
is two-fold, viz. an equable horizontal Motion, 
and a vertical Motion (174.) By this laſt Motion, the 
Body aſcends and deſcends, and the Time of the 
Aſcent is equal to the Time of the Deſcent; con- 
ſequently the Aſcent ends, when the Body runs one 
half of AI, that is, LG by the horizontal Mo- 
tion; wherefore the higheſt Point will be in the ver- 
tical Line S C, which paſſes through the Point G. 
Let IE be a vertical Line cutting AB, continued 
out in the Point E; alſo let BR be another vertical 
Line; becauſe L G is twice LB, that is, AS twice 
AR; CS is alſo twice BR, that is, CG is equal 
to GS: But All is twice AS; therefore E is twice 
CS, and four times CG; alſo AE is twice AC. 
While a Body by a projected Motion runs through 
AE, it falls through EI; while it runs through 
AC, it runs through in falling a fourth Part of 
El, that is, CG (186.) therefore in its Motion it 
paſſes through the Point G, which is the higheſt 
Point, when this is given in the Line CS. 


If the Curve moved through by a Body be given, 2 


the Velocity of the Body in any Point F of the Curve, 
is that which the Body acquires in falling from the Ho- 
rizontal Line, drawn through the Point M to the 
Point F: For the Body projected from A in any 
Plane, will riſe up with the Velocity by which it is 
projected to this Horizontal Line (206.) If then 
the Plane be given quite to F, agreeing with the 
Path of the projected Body, and it be deflected 17 
wards at F, the Body will have that Velocity in 


» 


by 


ppear, if we at- 244. 


45. 
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by which it can come to the aforeſaid Horizontal 
Line, along that Plane; that is, the Velocity which 
is acquir'd in the Fall from that Horizontal Line to 
the Point F (206.) 


246. A Body is to be projected from the Point A, ſo 


Plate Al. as tO 


Fig. 7. 


three Points 


Ly + - the Points H and I; theſe three 
Points being gh Ow in the ſame vertical Plane, 
and the ale nt above the Line joining the 
other two. Let AL be the Horizontal Line, and 
draw the Lines LE, ND, AM theſe 
perpendicular to A L. From I w the 
Lines IA, IH, thr the Points A and H, the 
latter of which cuts AM in P; make GD 

AP, and the Direction AD of the Projection will 
be had. The Velocity will be had by making AR 
a fourth Part of AT; and drawing the vertical Line 
RB, which cuts AD in B, draw BM, ſo that the 
Angle ABM, be equal to the Angle ARB; and 


the ang hang, is that which the Body acquires 


to A. 
„The R Body projected with an equable Velocity, 
eln while it falls through 
EI and DH ; and therefore, in order to demon- 
ſtate that the Body will paſs through theſe Points, 
we muſt ſhew that AEq is to A Dq, or EIq to 
DGq, as EI to DH (186.) 

In the ſimilar Triangles IHG, IPA, Alito 
AG, as AP or DG 1s to DG, minus GH, that 
is, to HD. But in the ſimilar T riangles AEl. 
ADG, AI is to AG, as EI is to DG; therefore 
EI is to DG, as DG is to HD; and ſo EIq is 
to DG q, as EI is to HD, which was to be bs 
monſtrated; and that the Velocity is juſtly deter- 
min'd, it will appear by comparing the Seventhr 
Figure with the Sixth, if we attend to the Points 
B, M, which are mark d with the ſame Letters in 


both Figures. 


CHAP: 


of the Neutenias Philoſophy. 63 


CH AP. XVIII. 


Of Central Forces. 
Body in Motion, continues its Motion in a 
right Line (168.) and will not deviate from 
it, unleſs it be ated upon by a new Impulſe ; after 
the Impulſe the Motion is compounded, and out of 
theſe Two, there ariſes a Third ſtill in a right 
Line (174.) If therefore a Body moves in a Curve, 
it is acted upon every Moment by a new Impulle z 
for a Curve cannot conſiſt of ſtreight Lines, unleſa 
ſuch as are infinitely ſmall. We have one Example 
of ſuch a Motion, in the Projection of heavy Bo- 
dies (233.) and another in all Motions about a Point 
en as a 1 | 

A Body that is continually impell d towards ſame 247. 
Centre, when projected in the Direion of a right Line, 
not paſſing through that Centre, will deſcribe a Curve; 
and in all Points thereof endeavours to recede from tbe 248. 
Curve, in the Direction of its Curvature, that is, In 4 
Tangent to the Curve; ſo that if that Force ſhould 
ſuddenly ceaſe from Action, the Body would continue 
ics Motion in a right Line along that Tangent. 

A Stone turn'd, run in a Sling, deſcribes 2 
Curve; the Sling does, as it were, every Moment 
draw the Stone back towards the Hand; but if you. 
8 the Stone go, it will fly out in a Tangent to the 

urve. 


| DEFINITION I. 

The Force with which a Body, in the Caſe above- 249. 
mention d, endeavours to fly from the Centre, ſuch as is | 
the Force, by which the String in Motion is firetch'd, is 
called a Centrifugal Force. 

DexiniTION II. 

But the Force, by which a Body is drawn, or in- 250. 

PelPd towards that Centre, is call'd a Cemripetal 


Force. 
Theſe 


251. 


253. 


As EXPLANATION 


Theſe Forces, by a common Name, are call'd 
Central Forces. 
In every Caſe, the centrifugal and centripetal Forces 
are equal to one another For the former is the Reſi- 
ſtance of the Body, while it is drawn by the Cen- 

tripetal Force. Here may be applied whatever has 
been ſaid of a Reſiſtance from Inactivity (178.) 

A Body is kept in a Curve by a centripetal — 
e from it 8 a centri 
The Sling in Motion is equally d bo 
Ways (175.) and the Stone — to fl = 
the Hand, with the ſame Force that the holds 
it; that is, it is drawn towards the Hand. 

Central Forces are of great Uſe in Natural Philo- 
ſophy ; for all the Planets move in Orbits, and moſt 
of them, if not all, revolve about their Axes. 

We have largely treated of Central Forces in the 
Scholiums of the Elements; I have choſen out, and 
gia. cor ooo 

When a Body laid upon a Plane, does in the ſame 
Time and about the ſame Centre revolve with that Plane, 
and ſo deſcribes a Circle; if the centripetal Force, by 
which the Body is drawn or impelled every Moment to- 
wards that Centre, ſhould ceaſe to aft, X. the Plane 
ſhould continue to move with the ſame Velocity ; the 
Body will begin to recede from the Centre, in reſpect of 
the Plane, in a Line which paſſes through the Centre. 
The Body indeed endeavours to fly off in a Tan- 
gent (248.) but the Point of the Circle to which it 
anſwers, 1s moved with the Body and the Motion 
along the Tangent of the Circle at reſt, in the firſt 
Moment, is agitated by the Radius of the Circle 
moved with the fame Velocity as the Body. 

Letusconceivea Ball faſten'd toa Pack- thread, one 
End of which is fix'd to the Centre of an Orbit or 
round Table, moving about that Centre; and ler this 
Ball fo lie upon the Plane of the Orbit, as to roll round 
together with the Plane at the ſame Time; the Ball 
will be at reſt with reſpect to the Orbit, and is kept 

: wm 
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in that Situation only by the Pack-thread faſten'd in 
the Centre of the Orbit; therefore it ſuffers no Im- 
preſſion in that Plane, but that by which the Pack- 
thread is ſtretch'd, that is, whoſe Direction paſſes 
through the Centre of the round Table; and fo if 
it be left to itſelf, it cannot the firſt Moment move 
in any other Direction in that Plane. (Exp.) 

When a Body projected is acted upon by a Force 254. 
tending to ſome Centre, it moves in that Plane 
which paſſes through the Direction of the Projection, 
and the Centre of the Forces. 

When a Body moves about a Centre, if in its 235. 
Motion it comes nearer to the Centre, its Motion 
is accelerated; but on the contrary retarded, if it 
recedes from the Centre. (Exp.) 

This Acceleration and Retardation is ſubject to 
the following Law. 

A Body that is retain'd in a Curve by a Force, tend- 256: 
ing towards a Centre, deſcribes Areas about that Centre 
proportional to the Times, 

Let there be a given Body deſcribing the Curve plate III. 
AB DE, in which it is retain'd by a central Force Fig. 10. 
tending to C; if Lines. be drawn at Pleaſure, as AC, 
BC, DC, EC, the Area of the mixed Line Tri- 
angle ACB will be to the Area DCE, as the 
Time in which the Body moves through AB is to 
the Time in which the Body moves through DE. 

The Propoſition being the Inverſe of this, is alſo 257. 
true; viz. That a Body which is moved in any Curve 
in a Plane, and deſcribes Areas about ſome Point pro- 
portional to the Times, is turn'd out of the right Line, 
and urged by a Force tending to that Point. 

We ſhall now ſhew how tocompare central Forces 
with one another; for which Purpoſe we are to con- 
ſider a centripetal Force, as a Preſſure acting upon a 
Body. Becauſe the Body is turn'd out of a ſtreight 
Line in every Point, the Deflection of a right Line 
every Moment, is the immediate Effect of a Preſſure; 
ſo that what has been demonſtrated of the Actions 
of Powers upon Obſtacles left to themſelves, may be 
applied here (66) F The 
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258, The greater the Quantity of Matter in any Body 
is, the greater 1s 1ts centrifugal Force, all Things 
elſe being alike ; ſince the Inactivity being greater, 
it is drawn towards the Centre with more difficulty. 

239. If Fluids of equal Quantities, but unequal 
Weights, be included in a determinate Space, ſo 

that the heavier cannot recede from the Centre, un- 
leſs the lighter comes towards it, and they be fo diſ- 
poſed, that by their Weight the heavier comes to 
the Centre; upon moving the Whole about that 
Centre, the lighter Fluid will be carried towards the 
Centre, and the heavier ones will fly from it. (Exp.) 

260. If a Solid with a Fluid be included in a determi- 
nate Space; if it be __ than the Fluid, it will 
come to the Centre; it heavier, it will recede from 
that Centre : all of which proceeds from the heavy 
Bodies having the greater centrifugal Force. (Exp.) 

261, Central Forces do not only differ with reſpect to 
the Quantity of Matter, but the Diſtance from the 
Centre does alſo cauſe an Alteration ; and likewiſe 
the Velocity with which the Body moves about: 
There is nothing elle can make a Difference in theſe 
Forces: And theſe are all the Things to be con- 
ſider'd when we compare them together. 

DeriniTion IV. 


262, The Periodical Time, is the Time iu which a Body 
going round a Centre perforins one wiole Revolution; 
that is, if it deſcribes a Curve returning into itſelf, 
the Time elapſed between its Departure from, and 
Return to that Point; it the Curve does not return 
into itſelf, inſtead of a Point, we mult take a right 
Line paſſing through the Centre. 

The Periodical Time depends upon the Velocity 
of the Body; and ſo in comparing of central Forces, 
this Time muſt be taken for the Velocity. 

263. When the Periodical Times are equal, and the Diſtan- 
ces from the Centre are equal, the central Forces are to 
one another, as the Quantities of Matter in the revol- 


wing Bodies (70.). (Exp.) 
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When the Quantities of Matter in the revolving 
Bodies are equal, an the Periodical Times are equal, 
the central Forces are as their Diſtances from the 264. 
Centre (71.), (Exp.) 

When the Periodical Times are equal, but the Di-265, 
ſtances from the Centre, and the Quantities of Matter 
in the revolving Bodies are different, the Central Forces 
are in the Ratio, compounded of the Quantities of the 
Matter, and of the Diſflances ; which follows from 
the two laſt Propoſitions. And to determine this 
compound Ratio, the Quantity of Matter in each 
Body, muſt be multiplied by irs Diſtance from the 
Centre, and the Products will have the Ratio re- 
quired (23. 6. Elm.) (Exp.) 

The Differences of Central Forces, ariſing from the 
different Diſtances from the Centre and the Quan- 
tities of Matter, may have a mutual Compenfation; 
and ſuppoſing the Quantities of Matter in the re- 266, 
volving Bodies, to be in the inverſe Ratio of the 
Diſtances from the Centre, the central Forces will 
be equal; as much as one Force is greater than ano- 
ther, with reſpe& to the Quantity of Matter, ſo 
much does this exceed that, becauſe of the greater 
Diſtance. (Exp.) 

This Caſe of the Propoſition takes Place, when 267, 
two Bodies join'd by a Thread revolve about the 
common Centre of Gravity; for the Diſtances from 
this Centre are in the inverſe Ratio of the Weights 
of the Bodies (109. 103.) and therefore the Central 
Forces are equal. One Body is drawn to the Centse 
with the ſame Force that the other endeavours to 
recede from it; and becauſe of the equality of the 
Forces, they mutually keep up each other, and con- 
tinue the Motion. It they revolve about ſome other 
Point, they will not continue in Motion ; and that 
Body, whoſe centrifugal Force prevails, will recede 
from the Centre, and the one Body will carry the 
other along with it, {Exp.) 

The Difference of Central Forces, may alſo be 
determined from the Periodical Time. 
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268. JWhen the Quantities of Matter in the Bodies moved 
round, and the Diftances from the Centres are equal, 
the Central Forces are in an inverſe Ratio of the Squares 
of the Periodical Times, that is, directly as the Squares 
of the Revolutions performed in the ſame Time. 

269. However, the Central Forces differ from one another, 
they may from what has been already faid, be com- 
pared to one another; for they are in the Ratio com- 
pounded of the Duantities of Matter in the revolving 
Bodies (263.) and the Ratio of the Diſtances from the 
Centre (264.) as likewiſe in the inverſe Ratio of the 
Squares of the periodical Times (268.) If you multi- 
ply the 2 of Matter in each Body, by its 
Diſtance from the Centre, and divide the Product 
by the Square of the Periodical Time, the 2 
of the Diviſion will be to one another in the ſaid 
compound Ratio, that is, as the Central Forces. (Exp.) 

270. ben the Quantities of Matter are equal, the Di- 

ſtances themſelves muſt be divided by the Squares of the 
Periodical Times, to determine the Proportion between 
the Central Forces. 

271. [In that Caſe, if the Squares of the Periodical Times 
be to one another as the Cubes of the Diſtances, the 
Quotients of the Diviſion will be in the inverſe Ratio 
of the Squares of the Diflances ; and in this Ratio are 
alſo the Central Forces. | 

272, IWhen the Bodies be unequal, and Central Forces of 

the ſame Nature with Gravity aft upon them, it 

maiters not what the Maſſes of the Bodies be, or how 
they move, they are drawn towards the Centre in equal 

Moments, Spaces which are proportional to thoſe 

Forces (89. 183.) and the laſt Propoſition takes Place 

even in unequal Bodies. 

A Body may deſcribe ſeveral Sorts of Curves by a 
central Force. 

Geometricians call an Ellipſis an Oval Line, whoſe 
Pls lil. Generation is this; let Aa be a right Line; C the 
Fi;. 11, middle Point thereof; F, f Points equally diſtant 

from C; F Gf a Thread whoſe Ends are faſten'd in 
F, f, and Length equal to the Line Aa. Then by 
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the Thread be ſtretched, an Ellipſis may be deſcribed 
in the ſame Plane wherein is Aa, by the Motion of 
a Pin G. 

If a Cone or a Cylinder be but by a Plane, the 
Section will often be ſuch a Line. The Points F, f, 
are called the Foci, C the Centre, Aa the greater 
Axis, and Bb paſſing through the Centre, perpen- 
dicular to Aa, and terminated both Ways by the 
Curve, is the leſſer Axis. 

Let us ſuppoſe the Force, mention'd in the laſt Propo- 274. 
ſition, acting upon Bodies in Motion, juſt as upon thoſe 
at Reſt, which is equal at equal Diſtances from the 
Centre, but at different Diſtances is inverſely as the 
Square of the Diſtance ; the Body by this Force would 
move in an Ellipfis, one of whoſe Foci coincides with the 
Centre of the Forces; ſo that a Body may deſcribe a 
Curve running into itſelf, and in every Revolution 
will once come towards that Centre of Forces, and 
once go farther from it. In the Receſs the Velocity 
of the Body is leſſen'd (255.) and indeed fo, that 
the Central Force, although that be leſſen'd itſelf, ir 
bends in the Path of the Body, and makes it endea- 
vour to come towards that Centre. In the Acceſs 
the Velocity will be ſo augmented, that although 
the Force be augmented, the Body again recedes 
trom the Centre. 

A Circle belongs to theſe kind of Curves, when 275. 
the Foci coincide with the Centre. And ſuppoſing 
a Body, as we here faid, to deſcribe an Ellipſis, 
another Body will be retain'd by the ſame Force about 
that Centre, if this be projected with a juſt Velocity 
perpendicularly to theLine paſſing through the Centre. * 
If the Diameter of the Circle be equal to the 
greater Axis of the Ellipſis, the Body will be urged 
with that Velocity, whereby a Body moves in an 
Ellipſis in that moment, as it paſſes through either 
of the Ends of the leſſer Axis; and both theſe Bodies 
will make their Revolutions in equal Times. 

A Body may be projected with ſuch a Velocity, 256. 
that che Force in the Receſs from the Centre, which 


upon 
F 3 


70 An EXPLANATION 


upon the augmentation of the Diſtance is leſſened, is 
not ſufficient to bend in the Body's Path, ſo that ic 
may return again : Inthis Caſe the Body will deſcribe 
another of the Conical Sections, either a Parabola or 
Hyperbola. 

277. If the central Force as you go from the Centre decreaſes 
in any other Proportion, the Body will not deſcribe a Line 
returning intoit ſelf, and ſomewhat differing from aCircle. 

278. But if the Force decreaſes in a Proportion a little diffe- 
rent from that, the Curve deſcribed by the Body may be 

| taten as a moveable Ellipfis, whole Axis will move 
with an Angular Motion in the Plane in which the 
Body revolves, the Focus remaining in the Centre 

279.of the Forces. But the Motion of the Axis tends the 
ſame way with the Motion of the Body, if the Force de- 
creaſes ſiſter upon augmenting the Diſtance, then in 
the Inderſe Ratio of the Square of the Diflance. 

289. But #f the Force be ſlower, that is, decreaſes leſs 
as you go on from the Centre, ile Motion of the Eliipſis 
Will be the contrary Way. 

281. A Body will alſo deſcribe an Ellipfis, if the Central 
Force, as you go from the Centre, increaſes and is every 
where in the Ratio of the Diſtance from the Centre, which 
in that Caſe coincides with ihe Centre of the Ellipfis 
(Exp.) 

282. Tf a Force increaſes in any other Ratio, the Curve 
will not return into itſelf, but may often be referred 
to an Fllipſis, moveable in a Plane about a Centre 

(Exp.) Whence it follows, by attending to N'. 277. 
that an excentrical Curve returning into itſelf, can be de- 
ſcribed by no central Force; that is, one whoſe Centre 
does not coincide with the Centre of the Forces, and a 
{mall matter differiag from a Cu de, except an Ellipfis, 
in one of whoſe Foci the Centre of the Forces is, and 
that the central Force in this Caſe is inverſely as the 
Square of the Diſlance. 

284. Bur it eaſily appears that a Circle whoſe Centre coin- 
cides with the Centre of the Forces, may be deſcribed by a 
Force increaſing or decreaſing in any given Ratio; ſuppo- 
Jing it to Aft equally at equal Diſtances. 
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upon the augmentation of the Diſtance is leſſened, is 
not ſufficient to bend in the Body's Path, fo that ic 
may return again: Inthis Caſe the Body will deſcribe 
another of the Conical Sections, either a Parabola or 
Hyperbola. 

277. If the central Force as you go from the Centre decreaſes 
in any other Proportion, the Body will not deſcribe a Line 
returning intoit ſelf, and ſomewhat differing from a Circle. 

278. But if the Force decreaſes in a Proportion a little diffe- 
rent from that, the Curve deſcribed by the Body may be 
taken as a moveable Ellipſis, whole Axis will move 
with an Angular Motion in the Plane in which the 
Body revolves, the Focus remaining in the Centre 

279. of 4 Forces. But the Motion of the Axis tends the 
ſame way with the Motion of the Body, if the Force de- 
creaſes ſiſter upon augmenting the Diſtance, then in 
the Inderſe Ratio of the. Square of the Diſtance. 

289. But #f the Force be flower, that is, decreaſes leſs 
as you go on from the Centre, the Motion of the Eliipſis 
will be the contrary Way. 

281. A Body will alſo deſcrive an Ellipfis, if the Central 
Force, as you go from the Centre, increaſes and is every 
where in the Ratio of the Diſtance from the Centre, which 
in that Caſe coincides with ihe Centre of the Ellipfis 
(Exp.) 

282, It Fifa Force increaſes in any otherRatio,theCurve 
will not return into itſelf, but may often be referred 
to an Ellipſis, moveable in a Plane about a Centre 

283 . (Exp. ) Whence it follows, by attending to N*. 277. 
that an excentrical Curve returning into itſelf, can be de- 
[cribed by no central Force; that is, one whoſe Centre 
does not coincide with the Centre of the Forces, and a 

{mall matter differiag from a Ci de, except an Ellipſis, 
in one of whoſe Foci the Centre of the Forces is, and 
that the central Force in this Caſe is in verſely as the 
Square of the Diſtance. 

284. But it eaſily appears that a Circle whoſe Centre coin- 
cides with the Centre of the Forces, maybe deſcribed by a 
Force increaſing or decreaſing in any given Ratio; ſuppo- 
ing it to Act equally at equal Diſtances. 
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PART IV. Of Forces of Activity, or moving 
Forces, and of the Colliſion of Bodies. 


CH A P. XIX. 
Of the Forces of Activity of Bodies in 


Motion. 


W E have ſaid that a Body is carried from one 
place to another by a Force of Activity 
(12.) We ſhall now treat of the Compariſon of theſe 
Forces : and that we may obſerve ſome order herein, 
we ſhall firſt handle their Generation, and then their 
Deſtruction. 

It has been ſhewn already that a Body is moved 
from its Place, where a Preſſure or Force not de- 


71 


ſtroyed by a contrary Preſſure acts upon it (65.) 285. 


which therefore will happen when the Bod; is retained 
by no Obſtacle: With whatever Velocity a Body gives 
way, it will always preſerve this Velocity, *till the 
ſame is deſtroyed by ſome external Cauſe (168.) If the 
Force ſhould continue acting upon the Body, le 
Velocity which it has already acquired, will grow 
greater, and that as long as the Furce is preſſing upon it. 


There was never any Preſſure or Force without a 286. 


Reaction equal to it (175.). When the Preſſure 1s not 
deſtroyed by a contrary Preſſure, but the Preſſure 
moves the Obſtacle, and generates a Force, there 
ariſes a Reſiſtance from the Inactivity or Reaction of 
the Obſtacle (178.) 

A Preſſure oftentimes is partly deſtroyed by a con- 
trary Preſſure, and the Preſſure remaining will move 
the Obſtacle, and generate a Force: Thus a Ship 
which is drawn with a Rope, ſuffers a Reſiſtance from 
the Water, fo long as this Reſiſtance is leſs than that 
Preſſure or Force wherewith the Rope 1s drawn, the 
Velocity of the Ship will be augmented, and the 
Reaction which is equal to the Action, ſince they equal- 
ly tend both ways towards the Rope, 1s to be looked 
upon as a Part of the Inactivity of the Ship. When 
the Velocity increaſes the Reſiſtance of rhe Wa» 
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far increaſes, that alone it deſtroysthe Action by which 
the Ship is drawn; this moves on by its Force of 
Activity with an equable Motion; the two Preſſures 
acting upon it, mutually deſtroying each other; as in 
the Coach already obſerved (178.) 

287. In every Caſe where an Obſtacle is moved by Preſſure, 
or the Notion of it augmented, and the Preſſure be not 
entirely deſtroyed by a contrary Preſſure, /ome Force 
is generated p 

288, A Preſſure in an infinitely ſmall time can only 
communicate an infinitely ſmall Velocity to a Body; 
from whence it follows that a Force is the whole Effect 
of a Preſſure, acting upon a Body in a finite Time: 
Preſſure it ſelf is deſtroyed every infinitely ſmall Mo- 
ment of Time; and when we ſpeak of its Magnitude, 
we conſider its Action in one Inſtant only. 

289. Therefore all Preſſure is infinitely [mall in reſpect of 
the Force of Activity. 

2 90. Therefore the leaſt Force may exceed the greateſt Preſ- 

ure. | 
Thoſe who have endeavoured by Experiments to 
compare Preſſure with a Force of Activity, or 
Force of a Body in motion, have confider'd the Effect 
of the Preſſure in which the Body was broken, or 
the Parts driven inwards, which could not be done 
without local Motior, and fo not without the Gene- 
ration of a Force of Activity (287.) the Effect of 
which Force of Activity they compared with the 
Effect of ſome other Force. | 
In all theſe we take no notice of an infinitely great 
Preſſure, which generates an infinitely great Force 
in a finite Time. 
When a Preſſure generates a Force, not in Accele- 
ration, equal Degrees of Velocity are communicated 
by an equal Action. 

291. For is order to communicate equal Actions to equal 
Bodies, the one at Reſt and the other in Motion, with 
equal Degrees of Velocity; it is neceſſary that that De- 
gree which acts upon the Bodies, ſhould have the ſame 
Reſpect to each of them; that is, the moving TD 
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muſt be carried with the ſame Velocity, as the Body 
moved, upon which then it may act juſt as upon the 
Body at Reſt: But the Action by which the moving 
Cauſe is transferred, muſt be added to the Action of this 292. 
ſame, in Order to have the whole Action by which the 
Body is moved, ſince each Action is imployed in mo- 
ving the Body. Hence it follows, that it 1s more dif- 
ficult to 9 a Body than to move it. 293. 

Let the infinitely ſmall Springs, e, e, e, e, e, &c. 294 
be joyn'd together and bent, and which when unbent p IV. 
have each the Figure repreſented at E, and let them Fg. 8. 
expand themſelves in an infinitely ſmall Space. This 
is the Property of the Springs, if while they are unben- 
ding themſelves, they preſs againſt a Body left to itſelf, 
they communicate to it the whole Force by which they 
unbend themſelves, ſuppoſing them to ſtand againſt 
ſome fixed Obſtacle on the contrary Side. The Spring E. 
communicates an infinitely ſmall Degree of Velocity to 
the Body P. But that the next Spring may communicate 
an equal Degree of Velocity to the Body in Motion. 

It is neceſſary that the Spring in expanding itſelf, be 
moved with that Velocity which the Body has already 
acquired; for otherwiſe it would not act upon the Body 
in Motion, as E does upon the Body at reſt (291.) 

It is moreover neceſſary in this Motion, that 
the Spring moved ſtands againſt an Obſtacle, 
which cannot give way on the contrary Side; that 
is, it muſt be puſhed with that Force, whereby 
this puſhes the Body ; which will happen, if it 
be puſhed by the Expanſion of a like Spring. 
Therefore there are required rwo Springs, expanding 
themſelves in the fame Moment, to communicate a 
ſecond Degree of Velocity to the Body ; that is, there 
is required a Force the Double of that by which the 
firſt Degree of Velocity is communicated to the Body. 

By a like Demonſtration it will appear, that three 
Springs expanding themſelves in the fame Moment, 
require three times that Force to communicate a third 
Degree of Velocity, and fo on: Yiz. Suppoſing the 
Degrees of Velocity to be infinitely ſmall, or rather 
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infinite infinitely ſmall ad infinitum. (23.) That the 
Demonſtration may be mathematical; we are to ſup- 
pole that in eachDegree of Velocity there are not va- 
rious Degrees, and that the Springs have no Force of | 
Inactivity, from both of which ſome Force would be | 
loſt by moving them. In a Body which is moved 
by its own Ulaſticity, the Part that is bent may 
be taken for an Aſſemblage of infinitely ſmall 
Springs, whoſe Inactivity cannot be conſidered, 
becauſe it docs not differ from the Inactivity of 
the Body it ſelf. 
It follows from hence, that the Force by which 
the Velocity of the Body is augmented an infinitely | 
{mall Degree, muſt be ſo much the greater, as is that 
by which the Body has already acquired a greater Ve- | 
locity, and this Force 1s increaſed in the Ratio of the 
Velocity already acquired; whence it follows, that a 
Body reſiſts Acceleration in the Ratio of its Velocity. 
293. Ic allo is evident, that the Velocity of a Body, which 
296i; moved with a finite Velocity, that is, which has an In- 
finite Number of infinite degrees of Velocity, cannot be | 
augmented, even an Inuſinitely ſmall Degree, unleſs by an 
Adlion infinitely exceeding the Action by which an equal 
infinitely ſmall Degree may be communicated to the Body 
at Reft (295.) 
And leaſt it may be objected, that the Demonſtra- 
don docs not take place, when the unbending of the 
Springs is not ſucceſſive, as we have here ſuppoſed ; 
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but that a Velocity 15 communicated to the Body at 
| Reſt proportional to the Number of thoſe Springs that 
. are unbent together at the ſame Time ; I here anſwer, 


that ſuch indeed is the Velocity of the firſt Spring, 

; ictting aſide, as we have done, their Inactivity, as well 
| as all Action upon the Body: But ſuppoſing this, we 
| deny that the firſt Spring is moved with ſuch a Velocity, 
sit cannot be moved ſwifter by the Body; but it is 
plain, the Velocity of this muſt be deduced from the 
Demonſtration aforeſaid; becauſe as the Springs un- 
dend themſclves together, at the ſame time the Body 
aotwithſtanding, ſucceſſively acquires all its 
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of Velocity; ſo, that what are demonſtrated of diffe- 
rent Springs, may be referred, in that Caſe, to the ſuc- 
ceſſive unbending of the Parts in the Springs. 
| From the Demonſtration aforegoing (294.) we 
| likewiſe deduce, that according to whatever Ratio the 
Velocity of a Body is augmented, in that Ratio is the 
Force of Activity of the Body augmented too. Springs 
unbending themſelves that act upon a Body, which 
no Obſtacle reſiſts, do therefore communicate to the 
Body the whole Force by which they unbend them- 
| felves(292.) ; For the Body in that Caſe reſiſts becauſe 
it is moved, and there is no other Reſiſtance given; 298. 
therefore this whole Force ariſes from the Force 
| cobich the Body acquires; which Force then is equivalent 
1 to the Reſiſtance it ſelf, and is equal to the Action it 
elf, by which the Force is communicated (175.) But ſince 
we here ſuppoſe the Springs to be equal, the Forces 
are as the number of Springs by whole Expanſion the 
Body is preſſed. 
A Bdy cannot acquire a Velocity by the Expanſion 299. 
of Springs, unleſs by an accelerate Motion; ſo that it 
paſſes through all the leſſer Degrees of the Velocity. 
Let AF be the Velocity of a Body; Ab, bc, cd, Plate IV. 
Sc. Degrees of an infinitely ſmall Velocity, A b the g. 9. 
' Firſt, & c the Second, Cc. all of which the Body 
; paſſes through before it acquirestheVelocity AF. The 
Parallelograms A 6 he, bcif, cdl g, &c. are to each 
other reſpectively as the Number of Springs by which 

the Firſt, Second, Third, Fc. Degrees of Velocity are 

acquired; and ſo the Areas A die, AF Ge, are to 

one another as the Number of the Springs by which 
the Velocities A d, AF, are acquired, that is, theſe | 
Areas are to each other as the Forces of the ſame Bo- 300. 
dy, or of twoegual Bodies moved with theſe Velocities: 
But ſince the Acceleration is continual, the Lines 
Ae, e b, bf, fi, &c. are fo ſmall, that the Areas Plate IV. 
A dle, AF Ge do not differ from the Similar Tri- Fi. 10. 
angles Ad, AFG; otherwiſe the Acceleration 
would be made by Starts; but theſe Triangles are 
to each other as the Square of the aaſwerable Sides 
19. 6. Elm.) Or of the Felocities Ad, AF, 


a. eat. 
— 
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I ſhall alſo ſhew hereafter (viz. in the Doctrine of 
Oblique Forces, and the Reſiſtance of Fluids, ) by 
other Demonſtrations, (which are deduced from Prin- 
ciples independant of each other, and different from 
theſe here laid down) that Forces are to one another 
as the Squares of the Velocities. 

301. 7 . the Forces that a Body falling acquires, are as 
the Heights from which the Body falls, reckoning from the 
beginning of the Fall: For theſe are as the Squares of the 
Velociĩties at the End of the Fall (186.) From whence 

302.1t follows, that Gravity, which communicates equal 
Degrees of Velocity to a Body in equal Times (182.) 
does not communicate equal Degrees of Force to the ſame 
(295. 300.) But that Degree, by which the Body 
tends to the Earth, is moved with the Body (291.) 
while it acts upon the Body moved, as upon the 

303. Body at Reſt (183.) 

If the Bodies be unequal, and moved with equal Ve- 
locities, the Forces of Activity are to one another as the 

uantities of Matter in each. For the Sum of the For- 
ces of the Body is the Sum of the Forces of all the 
Parts of which the Body confifts, and each of the 
ſmall equal Particles have equal Forces, if they move 
with the ſame Velocity ; therefore in Bodies that move 
with the ſame Swiftneſs, the Forces are as the Number 
of the equal Particles of Matter in each Body. 

304. The Forces of Activity in Bodies in Motion, cannot 
differ but in reſpect to the Quantity of Matter in the 
Body, or the Velocity by which it moves; and from 
hence we deduce the univerſal Rule of the Compari- 
ſon of Forces; viz. that they are in a Ratio com- 
pounded of the Ratio of the Quantities of Matter, and 
chat of the Squares of the Velocities. 

305. Therefore, the Forces are equal, if the Squares of the 
Pelocities be inverſely as the Quantities of Matter. 

Alfo, ſuch Velocities are thoſe which are commu- 
nicated to unequal Bodies, by equal Actions, (which 
Actions are the Relaxations of equal and ſimilar 
Springs equally bent, when the Inactivity of the 
Springs does not differ from the Inactivity of the 
Bodies.) (Exp.) F 
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If the Velocities be inverſely as the Quantities of Mat- 306. 


ter, the Forces will be as the Velocities; that is, in- 
verſely as the Quantities of Matter. 


In regard to Falling Bodies, he Forces acquired in 305. 


Falling are in the Ratio compounded of the Quantities of 
Matter (303.) and of the Heigbts (301. 


Wherefore, If theſe be inverſely as the Duantities of 308. 


Matter, the Forces will be equal. 


As Preſſure augments Velocity, and accordingly 30g, 


Force too, ſo likewiſe this may be leſſened by Preſſure, 
as is very manifeſt; and that a Force may exceed a 


_ contrary Action while it is ſpent : Which Deſtruction 


of the Reſiſtance is called the effect of that Force. 


But that we may determine thoſe things which re- 3 10. 


late to the effects of Forces, it muſt be conſidered, that 
a Force of Activity is that (whatever it be) which is 
in a Body in Motion, and not in a Body at Reſt, 
that is, 1t 1s that Force by which a Body in Motion, 
ſtriting any Obſtacle, acts upon it; but while the 
Body it ſelf acts, it ſuffers no Action, except the 
Reaction from the Reſiſtance of the Obſtacle, which 
Reaction being equal to the Action (175.), it follows, 


that the Body ſuffers as much as it acts, and the Effect of 311. 


the Action upon the Obſtacle follows the Ratio of the Force 
loft ; for the Diminution of the Force is the Effect of 
the Reaction; from whence we conclude, that the 
whole Forces are proportional to the Effects whereby 
they are deſtoyed; which is alſo evident from 
another Conſideration. 

The greater the Reſiſtance that a Body ſuffers is, 
the greater is the inſtantaneous Action thereof, and 
the ſooner loſes its whole Force, and yet produces an 
equal Effect; for the Force by which the Reſiſtance 
is deſtroyed, follows the Proportion of thatReſiſtance, 
and of the Time in which it acts; that is, the Force 
loſt is in the Ratio compounded of the Reſiſt- 
ance and of the Time, which ſame Ratio the Action 
of the Body and the Effect which it produces follows. 


So that it appears again, that ihe Force loſt is proportio- 312. 


nal to the Effect which it produces, whether it is de- 
ſtrayed in a longer or ſhorter Time. We 
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We have ſeen before that a Force is equal to the 
Action by which it is communicated (298.) but from 
hence it follows too, that a Force is equal to the Acti- 
on by which it is ſpent; therefore, with the ſame 

313. Action any Degree of Velocity by which it is communica- 
ted, may be taken away. With an equal Action, by 
which a Tenth Degree is ſuperadded to a Body, 
having Nine Degrees of Velocity; if it ſhould have 
Ten, it would be reduced to Nine. 

314. From whence it follows, that a Body is accelerated 
with more difficulty then it is retarded. If a Body has 
Ten Degrees of Velocity, the Tenth Degree is 
eaſier taken away than the Eleventh is communica- 
ted (295. 313) 

515. The Action of Preſſure is indeterminate, and when 
the Intenſity is the ſame, it follows the Ratio of the Time 
in which it acts. But the Force of a Body's Activity, 
when its Quantity of Matter and Velocity is given, is de- 
terminate, and it can only produce a determinate Effect, 
whether it be performed ina ſhorter or longer Time, 
according to the greater or leſſer Reſiſtance that it 
ſuffers (312.) 

316. When a Body by making a Cavity in a ſoft Body, 
whoſe Parts are alike and equally ftick to one anos 
ther, Joſes its Motion, it overcomes the Preſſure by 1 
which the Parts ſtick to one another, and by the Re- 
ſiſtance which the Body moved ſuffers, by overcom- 
ing this Preſſure, its Force is leſſened, ana at laſt quite 
deſtroyed ; therefore in that Caſe the Effect of the 
Force, while the Body is loſing its Motion, is the 
Separation of the Parts of the ſoft Body, while theſe 
are in Motion among themſelves ; which Effect follows 
the Proportion of the Number of Particles moved, and of 
the Space moved through by them, with this Motion 
among themſelves: and whether this be done flower 

317. Or faſter, the Coheſion to be overcome is the ſame : 
From whence it is very evident, that thoſe Forces 
are equal which are ſpent in making equal and fimilar 
Caviizes in the ſame ſoft Body. 
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Bodies will form ſuch Cavities when the Squares 318. 


of the Velocities are inverſely as the Quantities of 
Matter (3og.) (Exp.) 


In this ſame Caſe when Bodies loſe their Force, 319. 


by bending the Parts of Springs, and the Springs be 
ſimilar and equal, the Inflections or Bendings will be 
equal (312.) (Exp.) 

While a Cavity is formed, each of the ſmall Aug- 
mentations of it are to one another as the Number of the 
Particles which give way, and as the Spaces through 
which they move among the others; that is, theſe 
Augmentations are as the Forces that the Body loſes 
by forming them (316.) and fo the Sum of the Aug- 


mentations, that is, be whole Cavity, follows the Pro- 320. 


Portion of the Sum of the Forces Joſt ; that is, of the 
Force loſt in the Formation of the whole Cavity. 


Since this Demonſtration is very general, it follows 321. 


that the Cavities made by Bodies in an uniform ſoft Body, 
(that is, ſuch a one whoſe Parts are alike, and equal- 
ly ſtick to one another,) which ſpend their whole Force 
in theſe Actions, are to one another in the Ratio Compoun- 
ded of the Duantities of Matter in the Bodies, and of the 
Squares of their Velocities, let the Cavities be of what 
Figure ſoever. (Exp.) 


But the Number of the Cavities, made by different 322, 
Bodies when they make various Cavirics equal to each 


other, will be in this Ratio. (Exp.) 


The Experiments which at Length confirm the 323. 


Propoſition aforeſaid, do allo illuſtrate what has been 
jad before (312.) concerning the Time; but this 
will more clearly appear, if the ſame Body twice mo- 
ved with the ſame Velocity, falling upon the fame ſoft 


Body, ſhould loſe its Force in making different Ca- 


vities; for that which is the deepeſt is made in a 
longer Time than the other, becauſe the Velocity 
is the ſame in both Caſes ; yet they are each equal to 
one another. (Exp.) 

I ſhall in general make the two following Obſer- 
vations about the Times in which different Caviries 
are made in the ſame uniform ſoft Body, by che ſtriking 
of hard Bodies, When 
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324. When the Cavities are ſimilar and unequal, the 
| Cubes of the Times are in the direct Ratio of the 
Quantities of Matter, and the inverſe Ratio of the 
Velocities of the Bodies by which they are made. 
325. If ſeveral hard Bodies are bounded with a Figure 
| formed by the Revolution of the ſame Parabola about 
its Axis, and theſe Bodies ſtrike on the ſame Body uni- 
formly ſoft, which is bounded by a plane Superfices, 
while they move in the Direction of the Axis of the 
Parabola, the Squares of the Times in which the 
Bodies loſe their Forces, in forming Cavities, are 
as their Quantities of Matter; and ſo the ſame 
Body moved with what Velocity ſoever, ſuppoſing 
the Circumſtances aforeſaid, will loſe its Motion in 

the ſame Time. 


CHAP. XX. 
Of the Colliſion of Bodies. 


DEeFin1iTIion I. 


326. 1 5 HE Celerity by which two Bodies mutually come to 
each other, or go from each other, is called their 

reſpefiive Celerity. 
327. When the two Bodies move both the ſame way, they 
come to one another, or go from one another, with a Ve- 
328. Jocity, which is equal to the Difference of their abſolute 
Velocities; but the reſpective Velocity is the Sum of the 


abſolute Velocities, when the Directions of the Motions 
are contrary. 


DEFINITION II. 


329. The ſiriking of two Bodies are ſaid to be Direct, when 
the three following Conditions are fulfilled, viz. If the 
Direction of the Motion or Motions, when they both move 
together, paſſes through the Centre of Gravity of each of 
them; if this ſame Line paſſing through both the Centres 
of Gravity cuts the Parts of the Surfaces which mutually 
run in upon each other : And, laſtly, if theſe Surfaces which 
mutually run in upon each other, be perpendicular to the 
Line paſſing through the Centre of Gravity. 
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In all other Caſes the Blow is ſaid to be Oblique. 339- 

When one Body in Motion firikes another, that acts 331. 
upon this, and the Action follows the Ratio of the 
Reſiſtance that it ſuffers (311); and acts juſt as much 
as it loſes by the Force of Activity (312.) 

I do not here ſpeak of Bodies perfectly hard, we 332. 
have no Knowledge of ſuch ; and if there were any, 
they would be broken by the Stroke, as is eaſily 
deduced fromtheir Definition (33.), and the follow- 
ing Number (334.) 

All Bodies of which we have Knowledge do conſiſt of 333+ 
Parts cohering to one another, by a Force whoſe Effect 
we know, but whoſe Cauſe we know not (38.): But 
no body doubts that the Parts do not cohere by a real 
Preſſure, whatever Cauſe this be attributed to. 

There is no Preſſure but what cannot be exceeded 334. 
by even the leaſt Force of Activity (290.)z therefore 
there cannot be any ſtriking of Bodies without ſome Jutro- 

* ceſſion or falling in of the Parts. | 

In this Chapter we generally treat of the Collifion 
of Bodies; and therefore we muſt explain what happens 
to Bodies which are not Elaſtick; for even this very 2 3 5. 
thing takes place in Elaſtict Bodies, in the Moment that 
the Bodies ſtrike, before the Parts preſſed inwards re- 
turn to their former Figure. 

By this Reſtoration of the Figure, Elaſtict Bodies 330. 
mutually repel each other; and fo are ſeparated after 
the Blow. But there can be no ſuch Action when 
the Bodies are void of all Elaſticity ; therefore they 337. 
are not ſeparated after a direct Blow ; for the Directi- 
on in this Blow cannot be altered; conſequently rbey 
both continue their Motion in the ſame Line, in which 
they were moved before the Blow, and in which they 
are not repelled from one another. 

While the Parts of the Bodies yield inwards, the 338. 
Force is deſtroyed (309.) which overcomes the Preſ- 
ſure by which they cohere ; therefore one Body can- 
not ſtrike another, or two Bodies one another, without 
4 leſſening of the Sum of * Forces (334. 


In 
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In Elaſtick Bodies, the Parts ſtriken return to the 
Figure they had before the Stroke, and in their return 
preſs upon the Body, by whoſe Action they yield 
inwards; and by this Preſſure a new Force ariſes, but 

339. we do not yet treat of this; our Buſineſs here being 
about the Diminution of the Forces in Elaſtict Bodies, 
before the Reſtitution of their Figure. 

340. Notwithſtanding, in all Motions impreſs'd npon 
a Body, the Parts do not always yield inwards; for 
when a Body is moved by Preſſure, and not by the 
Stroke of ſome other Body, if this be leſs than that 
by which the Parts cohere, a Motion is communi- 
cated to the Body, without any yielding inwards of 
its Parts. 

341. There is no Force deſtroyed by the mutual Action 
of Bodies, except that by which the Parts are preſ- 
ſed inwards; which we ſhall demonſtrate in two 

Caſes, to which all the reſt may be referred. 

342. In the firſt Place, let us ſuppoſe the Bodies to tend 
the ſame Way, the foremoſt muſt neceſſarily move 
ſlower than the other, and is accelerated by the Stroke; 
but the hindmoſt, becauſe it acts upon the other, loſes 
ſome of its Force. The Effect of the Force loſt, is 

the Augmentation of the Force in the foremoſt Body, 
and the yielding inwards of the Parts; and this Effect 
is equivalent to the Force loſt in the hindmoſt 
Body (331.) But that which the foremoſt Body has 
acquired, is not a Force deſtroyed ; therefore this 
only is deſtroyed by which the Pare yield inwards. 

343- Secondly, Let Ge Bodies tend contrary Ways; 
a Body that ſtikes in a ſoft fixed Obſtacle, loſes its 
whole Force by preſſing the Parts inwards; for it 

roduces no other Effect; and it loſes its whole 
Force by preſſing the Parts inwards, becauſe the 
Obſtacle ſufficiently reſiſts. 

The Reſiſtance is no leſs when the Obſtacle is not 
fixed, but accedes to the Body with a contrary Mo- 
tion; therefore the Body in that Cafe produces no 

4 leſs Effect in preſſing in the Parts of the ſoft Body, 

| and even ſpends its whole Force in this Action, 

[ft I 


But 
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But when two Bodies are given that move con- 
trary Ways, each of them is the Obſtacle with re- 
gard to the other, and each ſpends its Force in 
preſſing of the Parts inwards. But if the one loſes 
all irs Motion before the other, in that Moment the 
Caſe already examin*d takes Place, and the Demon- 
ſtration is general. 

But the Truth of this paradoxical Propoſition, viz, 344. 
That one Force cannot immediately deſtroy another, is put 
paſt doubt by Experiments. (Exp.) 

When two Bodies move with the ſame Motion, 
they cannot a& upon one another; th: refore the 
Stroke depends upon the reſpective Velocity; which 345. 
while it is the ſame, the Intenſity of the Stroke will 
be the ſame, however the abſolute Velocities differ: 
Upon this Intenſity depends the yielding in of the 346. 
Parts, which therefore will be always the fame, 
when the two Bodies ſtrike one another with the fame 
reſpective Velocity, with whatever Velgcities the 
Bodies move. (Exp.) i 

Equal Forces are ſpent in formingggqual Cavi- 
ties (320.) 3 no Force is loſt but that ſpefit in making 
equal Cavities (341.) Therefore let two Bodies move 347: 
any how ſoever with the ſame reſpective Velocity, 
the ſame Force will be deſtroyed by the Stroke. 
(346.) (Exp.) And therefore this is what we ſhall de- 
termine in all the Percuſſions of two Bodies, the re- 
ſpective Velocity being the ſame, if this be made in 
one Caſe. 1 

If two Bodies, or unequal, moving con 348. 
Ways, ſtrike pag, «ih — Motion I be 2 
compound, the reſpective Velocity being given, that 
after the Stroke they can move any third Body what- 
ever along with them; and therefore we may have 
a Caſe given, in which they will be at reſt after the 
Stroke. ' 

In that Caſe the Sum of the abſolute Forces 1s 
equivalent to the Force deſtroyed in any other Caſe, 
ſuppoſing the reſpectivc Velocity to be the ſame (347.). 

In that fame Caſe, this Sum, preſerving the re- 
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ſpective Velocity will be a Minimum: For if there 
could be a lefler Sum, the leſſer Fbrce would be 
ſpent by the Stroke, which is impoſſible (347. 

Bur 4 this Sum is a Minimum, when ſu poſing 
contrary Directions, the Velocities be inverſe y as the 
Quantity of Matter, and is only ſo in this Caſe, we 
have demonſtrated in the Scholiums to our Elements. 
Which alſo follows from the following Demonſtra- 
tion; by which in that Caſe only it appears, that 
Bodies moving contrary Ways, and ſtriking one another, 
will be at reſt after the Stroke, when the Yelocities be 
inverſely as their Duantities of Matter, (Exp.) 

Let us conceive two Bodies moving con 
Ways, and directly ſtriking one another, to ſpend 
their Forces by preſſing their Parts inwards, while 
they are either flat, or the one ſo penetrates the 
other, that after the firſt touching, the Bodies move 
a certain Space, during the Time that the Parts 
give way ſide-ways. 

The GWheſion to be overcome, is not equable 
— 2 ſame Space; but if that Space be 
ſuppoſed th be divided into many little ones, the 
Reſiſtance to be overcome in each of them, through- 
out the whole Space, may be taken as equable; and 
each Body from this Reſiſtance will overcome the 
Particles that move ſide- ways among thoſe that are 
adjacent to them, in the Ratio of the ſmall Space 
run through by it: But the two Bodies moving con- 
trary Ways, do indeed together run through the 
whole little Space; and the Parts of this run through 
by each of them are as the Vebocities (38.), in which 
fame Ratio are the Reſiſtances of the Coheſion over- 
come, which are as the Actions of the Bodies (175.), 
or as the Forces loſt (312.) 

Therefore in every Colliſion of two Bodies, ſtriking 


one another with contrary Motions, the Decrements 


of the Forces in all the infinitely ſmall Moments, 
are as the Velocities of the Bodies in thoſe Moments. 


Which 
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Which Rule takes Place while one of the Bodies 
is loſing all its Force; which then is repelled by 
the other, and acquires a new Force. But if they 
both loſe their Forces at the fame Inſtant, they 
will bg at Reſt; and this is the very Caſe that we 
ought to examine. 

Suppoſe rwo Bodies moving contrary Ways, and 3 52, 
ſtriking one another with Velocities that are in- 
verſely as their Quantities of Matter; alſo the Forces 
will be to each other inverſely as the Quantities of 
Matter, that is, as the Velocities (306.) 

In the firſt Moment after the Superficies have 
touch'd one another, the Decrements of the Forces, 
which are as the Velocities (351.) are as the Forces 
themſelves ; and the Forces remaining are as the firſt 
Forces (19. 5. Elm.), that is, inverſely as the Quan- 
tities of Matter; 8 ſame Ratio are the Velo- 
cities remaining (306. | 

The ſame may be ſaid of the Second, and all the 
following Moments; in each of which the Decre- 
ments of the Forces are as the Forces themſelves, 
which therefore are ſpent in the ſame Time; and ſo 
the Bodies will be at Reſt in the fame Moment z which 
the fame Demonſtration ſhews to only happen in 
that Caſe, wherein the oppoſite Velocities are to 
one another as the Forces. 

Therefore it is manifeſt, that unequal Bodies mov- 
ing contrary Ways, will not reſt when they ſtrike 
each other, but when their Forces are unequal ; about 
which Unequality of Forces, many Experiments may 
be made worth Notice. (Exp.) 

If in the Caſe wherein Bodies are at Reſt after the 
Stroke, the leſſer Force be augmented, but yet nor 
ſo much as to be equal to that of the other; har 363. 
Body which has the leſſer Force, makes the Body whoſe 
Force is the greater fly back. There are alſo Expe- 
riments upon Neceſſity, to ſhew that the Force of 
the Body giving way, exceeds that of the other 


Body. (Exp.) 
. F G 3 The 
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The Body which moves ſwifteſt, although endued 
with the greater Force, loſes its Force in the ſhorter 
Time, by preſſing in of their Parts, and is repelled 
by the other, whoſe Force remains. 

ben two Bodies firike each other, there ariſes two 

Actions, and two Re-actiont, each Action being equal to 
its Re-aftion. In order for the Bodies to be at Reſt 
after the Stroke, it is neceſſary for each of them to 
undergo ſuch 2 Reſiſtance, which ariſes from the 
Action, as by the ſame it may ſpend its Force; 
which is impoſſible, but when unequal Bodies have 
unequal Forces. 

We deduce from what has been already demon- 
ſtrated, that when the Bodies are given, and their 
reſpective Velocity, the Force deſtroy'd by the 

355+ Stroke can be determin'd, if the Sum of the Forces 
be given; ſuppoſing the reſpective Velocities to be 
the ſame, the Motions to be contrary, and the Ve- 
locities in the inverſe Ratio of the Quantities of 
Matter (347. 350.). And we demonſtrate in the 
Elements, that this Sum is given, if the Product of 
the Duantities of Matter be reſpectively multiplied by 
the Square of the Velocity, and be divided by the Sum 
of the Duantities of Matter. (Exp.) 

From the Demonſtration concerning Bodies that 
come to Reſt after the Stroke, we deduce Rules to 
determine the Velocities of Bodies, after the Stroke, 
and that in all Caſes. 

2:6, Let the Bodics move either the ſame Way 
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Plate N. (Fig. 11.) or contrary Ways (Fig. 12.) And let 
Fz.11,12. their Maſſes be as AB and BC; let the Velo- 


city of this be BE, «and of that BN; their re- 
ſpective Velocity will be E. N (327. 328.) Divide 
this in I, fo that IN be oTE as BC to BA, and 
BI will be the Velocity with which both the Bodies 
move after the Stroke ; that 1s, the Changes in the 
Velocities are in the inverſe Ratio of the Maſſes, 
BC acquires EI, while AB loſes NI: For if we 
conceive a Ship carried with the Velocity BI, and a 
Body BC moves in it from the Prow to the Poop 
with The Velocity IE, BE will be its abſolute Ve- 

locity 
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locity; and if the Body AB be carried from the 
Poop to the Prow with the Velocity IN, BN will 
be its abſclute Velocity: Since theſe Bodies are car- 
ried in the Ship with contrary Directions and Velo- 
cities, which are to one another inverſely as their 
Quantities of Matter, they will be at Reſt in the 
Ship after the Stroke (350.) That is, they will be 
moved with the fame Velocity as the Ship. 

The Line BI may be determin'd by an eaſy Rule: 

In order to find which, let the Rectangles BM, BF 

be the Products of the Maſſes into their Velocities, 

and compleat the Parallelograms A O and CD; when 

DO is drawn, BN will cut it in I; for the Triangles 
DIE, INO are fimilar, andIN is oIE, as NO 

or BC ie to DE, or AB. Through I draw H L. pa- 
'rallel to AB, and the Complements IM, IF, will be 
equal. (43. 1. Elm.) Therefore when the Bodies move 357. 
the ſame Way, if from the Sum of the Products BM Fs: 11. 
and BF of the Maſſes into their Velocities, we ſub- 
ſtract MI, and in ics ſtead put I F, the Sum aforeſaid 

will be equal to the Rectangle A L; and if the Sum 

of the Maſſes be divided by A C, the Quotient of the 
Diviſion will give A H or BI, the common Velocity 

of the Bodies after the Stroke. (Exp.) 

If the Bodies move contrary Ways, and from the 358. 
greater Product B M we ſubſtract MI, and ſubſti- Plate IV. 
truce IF, B M equal to the Gnomon AHLFEB ;*% 12 
which, if we ſubſtract the Product BF, we ſhall have 
H C, the Difference of the Products of the Maſſes into 
their Velocities; and if we divide this by the Sum 
of the Maſſes A C, the Quotient will be the Velo- 
city BI ſought, which tends the fame Way with 
BN; that is, both the Bodies, with the Velociry 

found out, move the ſame Way with that Body, 
whoſe Product of the Matter into the Velocity ex- 
ceeds the like Product of the other. (Exp.) | 

When one Body is at Reſt, it follows from both 3 59. 
the Rules, that the Product of the Velocity of the 
Body in Motion muſt be divided by the Sum of the 
Quantities of Matter. * | 
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In theſe Demonſtrations we have conſidered the 
reſpective Velocities, and have apply'd the Conclu- 
ſions to the abſolute Velocities, alſo in N'. 347. 
where we determine the Force deſtroy'd by the Stroke, 
we have conſidered the reſpective Action only. This 
Reaſoning takes Place, cane the reſpective Velocity 
cannot be alter'd, unleis che iam Alteration be fu 
poſed in the abſolute Velocities, viz. by taking both 
of them into Conſideration: Alſo the Force that is 
deſtroy*'d in preſſing the Parts inwards, i: the Dimi- 
nution of the abſolute Force; altho* it depends u 
a reſpective Action, and follows the Ratio of this 
Action. 

360. In the Reſt, the reſpective Action is to be diſtin- 
gui ſhed from the Abſolute ; for the ſame reſpective 
Mutation produces different Mutations of the Forces, 
according to the different abſolute Forces before the 
Bodies meet; which is both agreeable to Reaſon and 
Experience. (Exp.) 

261. One Body in Motion may give Motion to another, 
without ſtriking it, by preſſing upon it; in which 
Caſe, if the Preſſure by which the Parts cohere to 

one another, exceeds the mutual Preſſure of the Bo- 

dies, the Parts will not yield inwards, and there is 

no Force deſtroy'd: (341.). And ſo the Sum of the 

Forces, both betore and after rhe Action, is the lame. 

Plate IV. But that we may ſhew how Bodies in Motion can, 

Pg. 13. by Preſſure alone, give Motion to other Bodies with- 

out ſtriking them; let us ſuppoſe Q to be a Body, 

which is formed by the Revolution of the Figure 

abcd (which is bounded by a Semi-circle and two 
Quadrants) about the Axis a c. 

Let this Body be at Reſt, tho? the Demonſtration | 
may be applicd to the Body when in Motion; and let 
us ſuppoſe two Bodies P, P; we ſuppoſe two in order 
tor their Action upon Q to be direct; let theſe move 
with equal Velocities, in Directions parallel to one 
another, and to the Axis of thę Body Q, and let their 
Motion be ſuch, that when they arrive at Q, the 
Surface of the Body Q may touch the _ 
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P, P, in thoſe Points in which this Superficies is pa- 
rallel to the Direction of the Motion; therefore the 
Bodies P, P, produce no Action upon the Body Q 
when they arrive at theſe Points. While they continue 
in Motion along the hollow Surfaces ad, a b, they 
preſs upon the Body Q; which, becauſe not retain'd, 
muſt of neceſſity give Way (285.), and while the 
Preſſure continues, Q 1s accelerated, until the Bodies 
P, P, leave itz which happens always when the Bo- 
dies P, P, are come to the Pointsb and d. 

This Preſſure produces no Effect but the Motion 
it gives to the Body Q; and ſo the Bodies P, P, loſe 
no more of their Forces, than what the Body Q has 
acquir'd (3 11.) In theſe we ſuppoſe no Friction, which 
cannot be given without ſome yielding in of the 
Parts; and ſo without a Deſtruction of their Forces. 
We have alſo determin'd the Motion of them after 
their meeting, in the Scholiums to our Elements. 

If any Body, as P, preſſes upon an Obſtacle by a 362. 
like Action, which is not moved by this Preſſure, and 14e IV. 
whoſe Parts ſo firmly cohere, as not to yield to * 
this Action, the 8 of the Body will not be 

ed: In this Caſe, the Preſſure of the Body upon 

the Obſtacle is not deſtroy'd indeed by the Reſiſtance 
of the Obſtacle: But ſince there is ſuppoſed to be no 
yielding of the Parts inwards, nor any Force com- 
| municated, the Force of the Body is not leſſen'd. 
| Thus a Body which deſcends upon an inclined Plane, 
is accelerated in the fame Manner asa Body that falls 

freely, when they both deſcend to the ſame Depth 

(203.) altho the Body preſſes upon the Plane. In 

theſe Caſes, that Thing which keeps the Obſtacle 

faſt, deſtroys the Action of the Body, and communi- 

cates a Force to the Body equal to that which the 

Body loſes by its Action, and fo the Force of the Body 

is not changed as to Quantity; but it it be conſider'd 

in it ſelf, it is really alter'd, while the Direction is 

alter*d ; for the Motion in one certain Direction is not 

the Motion in another. While the Body P moves in 

a Curve, it loſes a ſmall Part of its Force in every 

Point thereof, and acquires a Force equal in another 


Direc- 
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Direction; and where, by the continual Bending, the 
Direction changed, makes a right Angle with the firſt 
Direction, the Motion of the Body will have nothing 
common with the firſt Motion, it loſes its whole 
Force, and acquires a new Force equal to the former. 

363. Hence it follows, that the Force of a Body, and con- 
ſequently its Veloodty, is not leſſen'd, without the Motion 
of an Obſtacle, or of the Parts of which it conſiſts, ariſing 
from the Action of the Body. 


CH A P. XXL 
Of the Congreſs of Elaſtick Bodies. 
Laſtick Bodies, as we have already obſerved, are 
ſeparated after the Stroke (336.), but by a dif- 


ferent Force in like Circumſtances; for in different 
Bodies the Elaſticity differs. 
DzeFiniTION. 

364. Body is ſaid to have perfect Elaſticity, when the 
Parts driven in by a Stroke, return to the ſame Situation 
by a Force equal ts that with which they were ſtriten. 
We treat of perfect Elaſticity in this Chapter, tho” 
we know no Bodies endued with ſuch an Elaſticity ; 
for we cannot lay down any general Rules but what 
relate to Bodies which are perfectly elaſtick; to 
which the nearer Bodies approach, the more exactly 
will their Motions agree wich theſe Rules. 

There is no Force loſt in the Collifion of Bodies, 
but what is ſpent in preſſing their Parts inwards 
(341.); and fo if the Bodies be elaſtick, all of it is 
employ'd in bending the Elaſtick Parts; but theſe 
return to their former Figure by a Force equal to 
that; therefore the Force deftroy'd is reſtored again, 

g. aud the Sum of the active Forces of the Bodies after the 
Siroxe, is equal to the Sum of the Forces before the Stroke : 
which Demonſtration is very univerſal, and appli- 
cable to all Colliſions whatever. 

350. IIence it follows, that an Elaſtick Body, ſtriking 
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to that Bottom, it will even return in the ſame right 
Line as it came, becauſe it cannot deviate more one 
Way than the other. 
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When a Spring is bent, and put between two Bodies at 367. 


Reſt, it will move both the Bodies while it expands 
itſelf : If the Preſſure by which the Parts of one 
Body coheres, exceeds the Preſſures that the Spring 
produces upon this Body, all the Action of the Spring 
will be ſpent in moving the Bodies; ſince there is no 
yielding inwards of the Parts, and the Sum of the 
Forces communicated to the Bodies, is equal to the Force 
by which the Spring was bent. But while the Spring 
moves theſe Bodies, it produces two Actions, each of 
which is equal to the Re- action that it ſuffers (175.) 
That is, each Action is equal to the Reſiſtance that 
it ſuffers on the contrary Part. Theſe Reſiſtances are 
the Quantities of Matter in the Bodies (13.) there- 
fore the Actions are in the ſame Ratio on the con 


Parts; that is, they are in the inverſe Ratio of the 368. 


Bodies moved; in which ſame Ratio are the Velccities 
communicated to the Bodies. (306.) 


* 


This is the Caſe, when two Elaſtict Bodies ſtrike one 369. 


another with Velocities which are as their Quantities of 
Matter inverſely ; tor ſuppoſing them not to be elaſ- 
tick, they will be at Reſt after the Stroke; and fo 
in the very Moment of their Meeting, before the 
Figure is reſtored, there is a Bent-Spring between 
two Bodies at Reſt. Conſequently theſe are ſeparated 
from one another by Velocities which are inverſely as 
the Quantities of Matter (368.): That is, the Velo- 
cities, after the Stroke, are in the ſame Ratio as th 
were in before the Stroke. From whence it follows, 
that each Body returns with the ſame Velocity that it 
had before the Stroke ; for if it be leflen'd in the one, 
the Ratio will not be preſerv'd, unleſs it be leflen'd 
in the other too; and fo the Sum of the Forces will 
be leſs, which is impoſſible (365.). The Demon- 
ſtration is the ſame, if it be ſaid that che Velocity of 
one of the Bodies is augmented. (Exp.) 

What has been demonſtrated concerning the Ex- 
panſion of a Spring between two Bodies at Reſt, is 


true 
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371. 
Plate IV. 
Fig. 11,12. 
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true alſo of a Spring carried along between two Bodies 
moving with the ſame Velocity, and being at Reſt 
with reſpect to the Bodies. If therefore in a Ship 
two elaſtick Bodies ftrike one another with Velo- 
cities that are inverſely as their Quantities of Matter, 
they will fly from each other with the ſame Velo- 
city in the Ship. 

Suppofing what has been already ſaid (356.) that 
Bodies which are not elaſtick, be at Reſt in a Ship 
moved with the Velocity BI, and the Changes in the 
Velocities be inverſely as their Quantities of Matter, 
the Velocities being deſtroy*'d by which they mutu- 
ally come to each other in the Ship; if theſe were 
elaſtick, they would fly from each other in the Ship, 
with the ſame Velocities by which they came to each 
other (370.); that is, there would happen a ſecond 
Change in the Velocities equal to the Firſt ; and fo 
each Body ſuffers a double Change in Velocity, and 
the reſpective Velocity after the Stroke, is equal to 
the re ſpective Velocity before the Stroke. In Fig. 11. 
the Body moved with the Velocity BN in the Ship, 
had the Velocity IN before the Stroke, it loſes this, 
and acquires I G equal to it the contrary Way; and fo 
has the Velocity BG. The other Body, whoſe Ve- 
locity was BE, return'd in the Ship before the 
Stroke; that is, moved ſlower after the Stroke, than 
the Ship by the Quantity EI, with an equal Velo- 
city the contrary Way; that is, it moves ſwifter 
than the Ship; BP being its Velocity, ſuppoſing 
TE and IP equal. 

In like Manner, in Fig. 12, the Body which 
had the Velocity BN, loſes the Velocity IN, 
which it had in the Ship; and then returns in the 
Ship with the Velocity I G equal to IN; that is, 
it moves with the Velocity BG after the Stroke ; 
the other Body, whoſe Velocity was BE, return'd 
in the Ship with the Velocity IE, its Motion being 
then charged, it moves in the Ship from the Poo 
to the Prow, with the Velocity IP equal to I 
aud BP is the abſolute Velocity thereof. 

1 | From 
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From hence we deduce the two following Rules to 


determine the Velocities of elaſtick Bodies after the 
Stroke. 


Ru LE I. 


When Bodies that are not elaſtict firike againſt each 373. 
other, if one Body acquires a certain Duantity of Mo- 
tion, it would acquire twice as much if the Bodies were 
elaflick ; and this double Quantity is to be added to 
the firſt Motion, in order to determine the Motion after 
the Stroke. (Exp.) 

RuLE II. 


When two Bodies that are not elaſtict firike againſt 374. 
each other, if one Body loſes a certain Quantity of 
Motion, it would loſe twice as much if the Bodies were 
elaſtick; and that double Quantity muſt be ſubſtracted 
from the firſt Motion, in order to determine the Motion 
after the Siroke. (Exp.) 

We muſt obſerve about the ſecond Rule, that the 375+ 
Body which returns, does not loſe only the firſt 
Velocity which it had, but we are alſo to take that 
for a Velocity loſt, which it has acquir'd the contrar 
Way; and ſo in that Caſe, the Sum of them bot 
muſt be doubled, and ſubſtracted from the firſt Ve- 
locity; but when the greater Velocity is to be taken 
away from the leſſer, the Exceſs is to be taken the 
contrary Way. (Exp.) 

From theſe Ruſes we infer, that equal elaſtick 376. 
Bodies do continue their Motion by interchanging each 
others Velocity, if they both move the ſame Way. (Exp.) 
and each of them fly back, changing their Velocities, 
when their Directions are contrary. (Exp.) 

If one Body ſtrikes another Body equal to it, but 377- 
at Reſt, and theſe Bodies change one anothers Velo- 
cities, the ſtriking Body will be at Reſt after the 
Stroke, and the other Body will move with the firſt 
Body's Velocity. (Exp.) 

The Action of the Spring in elaſtick Bodies is 378. 
exceeding ſudden (Exp.) And ſo when ſeveral ela- 
ſtick Bodies are contiguous, and the laſt be fr, 

| a 
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all thoſe that go before are agitated, as though they 
were ſeparate; that is, every Body is moved by the 
ſole Action of that next to it, 1 acts only upon 
that next to it; the elaſtick Parts returning be- 
fore the Action can be communicated to the next 


Body (Exp.) 


C HAP. XXII. 
Of Compound Motion. 


E have ſhewn how the Motion of a Body 

is alter'd by a new Force acting upon that 

Bol, 73: 174.) and have examin'd the Directions 

elocities relating to theſe Caſes : We ſhall now 
— of the Forces. 

If a Body be moved through AD with a Velo- 
city, expreſs'd by AD, and a new Force ſtrikes 
this in the Direction AE, with a Velocity expreſs'd 
by AE, that Body carried with thoſe two Veloci- 

379. ties, will move along AB (174.). Notwithſtanding, 

in all theſe Caſes, there is not an equal lateral Veto- 
city communicated by — equal Impreſſion; we ſup- 
e AB, AE to be — equal in the three 
In the ſixteen gure, = ſecond Mo- 
tion = party conſpires with the Firſt; ſo that by this 
, Motion the Acceleration of the Motion is con- 
f tinued through A D. In like Manner (Fg. 17.) 
; the Retardation of the Velocity in AD, will be 
a continued in the Motion through AE ; and fo the 
| Impreffions by which the Bodies are driven along AE, 
ſo as to communicate a Velocity to each Body ex- 
preſs'd by that Line, are not equal to one ano- 
ther (314.), nor to the Impreſſion by which this 
Velocity may be communicated to the Body at 

Reſt (295.) 

380. It is in the Caſe of Fig. 15. viz. where 
| Plate IV.E AD is a Right Angle, that the lateral Motion 
. Fig. 15. neither conſpires, nor acts contrary to the Motion in 
i 


Plate IV. 


Fig. 15, 
16, 17. 


the Direction AD; and the Impreſſion by which the 
Body is moved, acts upon the Body as if it were 
«b 
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at Reſt; and ſo in that Caſe, the Force communicated 
to the Body, is proportional to the Square of the 
8 (300.) And ſince the Impreſſion cannot 
leſſen the Force in the Direction AF, the whole 
Force of the Body will be proportional to both the 
Squares of the Lines AD and AE: which agrees 
with what has been demonſtrated ; for the Bod 
moves with the Velocity AB (174.) whoſe Square 1s 
equal to the two Squares aforeſaid (47. 1. Elm.) 
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From hence we might find out the Meaſure of 38 1. 


the Forces, if they were not known before. To the 
Body, which has a Force that anſwers to the Ve- 
locity AE, there is communicated a Force anfwering 
to the Velocity AE; which being communicated to 
the Body as if it were at Reſt, the firſt Force cannot be 
alter*d ; and fo the whole Force of the Body is equal 
to the Sum of theſe Forces, while AB is the Velo- 
city of it; therefore the Force that anſwers to this 
Velocity is equal to the Sum aforefaid ; which could 
not happen in all Caſes, but that the Forces are pro- 
portional to the Squares of the Velocities (47. 1. EI.) 

From hence it follows, that it ſignifies nothing 
neither with reſpect to the Impreſſions by which the 
Body is agitated, nor with regard to the Forces, or 
Velocities, whether the Body moves through AB 
with the Velocity A B, or whether ir be carried with 
Velocities in the Directions AD, AE, proportional 
to theſe Lines at right Angles to one another. 


Wherefore the Motion through A B, in the Direction, 382. 


as A D, is no more than that with the Velocity AD. 


I: alſo follows, that the Motion of a Body may 383. 


be refolved into two other Motions, after enume- 
rable Ways; which will happen, if the Line, lying 
in the Direction of the you Motion, expreſſing 
the Velocity by its Length, be the Hypothenuſe of 
a Right-angled Triangle ; for the two other Sides of 
this Triangle will give the Directions of the Mo- 
tions ſought, and their Lengths will expreſs the re- 


ſpective Velocities of them; and the Forces in theſe 


Directions will be proportional to the Squares of the 
Velocities, hs But 
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384. But now to determine by what Force the Body is 
Plate IV. to be acted upon in the Direction A E, ſo as to have 
Fg. 16. the Velocity A E, in that Caſe in which this Mo- 

tion y conſpires with the firſt Motion; I reſolve 
the Motion in the Directions A E into two others 
( 174.) In the Directions Af, Ag, at right Angles 
to one another, and draw B h parallel to A f. Such 
a Force is to be communicated to the Body in the 
Direction A f only, by which the Body, if it were at 
Reſt, would move with that Velocity, and which is 
proportional to the Square of A f (380. 300.) But 
a Force is to be communicated thro? Ag, by which 
the Velocity A D may be augmented by the Quan- 
tity Ag; that is, by which Ah may be made; 
which Force is proportional to the Difference of the 
Squares of A h, A D. (300.) Theſe Forces 

ther are to be communicated thro* A E, that the Body 
may be moved with this Velocity; and the whole 
Force of the Body is proportional to the Square of 
the Line A E, the Difference of the Squares of the 
Lines Ah and A D, and to the Square of Ay; 
therefore when the firſt two of theſe three Quantities 
be added together, we have the Square of the Line 
Ab; to 1 if the Square of the Line A f, or 
5 Bbe added, we have the Square of the Line AB; 
to which, from what has been demonſtrated (300.) 
it follows that the Force of Activity of the Body is 
proportional, becauſe it is manifeſt the Body moves 
with the Velocity AB (174.) 

385, In like manner, if the Motion through AE be re- 
Plate IV. ſolved into two others through Af, Ag (174.), the 
Fig. 17. Motion thro* A Dis retarded by this ſecond Motion. 

Whence, it follows, whena Body moves thro* A E 
with a Velocity expreſſed by that Line, a Force is to 
be communicated to it which is proportional to the 
Square of Af; and the Impreſſion, by which it is 
agitated, ought to do no more than leſſen the Veloci- 
ty A D by the Quantity A g. In this Caſe, the Body 
in the Direction AD will only have a Force remain- 
ing proportional to the Square of A (300.), Ul. 
W 
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which if we add the Force proportional to the 
Square of Af (380.), we have the Force proportional 
ro the Square of AB; which agrees again with 
what has been demonſtrated before (174. 300.) 

It follows eaſily from what has been demonſtra- 486. 
red from this Propoſition, viz, that the Force fol- 
lows the Squares of the Velocity, cannot be referred 
ro that with which another acts in the ſame right 
Line; the reaſon is, when we reſolve the Force in- 
to two others, theſe will not be proportional to the 
Squares of the Velocities, unleſs the Directions of 
them both are at Right Angles, leaſt they ſhould 
otherwiſe partly conſpire or act contrarily (380.) 

From whence we gather, that a Force once reſolved 
cannot be again refolved.” The Motion through 
A B, is reſolved into two Motions of the fame Pare IV. 
Body through A D, AE, and the Forces are IS '5: 
proportional to the Squares of the Velocities | 
but if the Motion through AE be reſolved again 

into two others through AF and at AG Right An- 
gles to one another, theſe laſt will not he pro- 
portional to the Squares of the Velocities, and | 
we cannot here apply N*383. where the Forces do not | 
only not conſpire, nor act contrary to one another, but | 
have nothing common with the third Force. Bur 
here that Motion of the Body through AB is re- | 
ſolved into three Motions through AD, AF and 
AG, in which AF and AD partly conſpire, and | 
AD and AG act partly contrarily ; and the Reſo- 
lutioa applicable to the Velocities, ſince the De- 
monſtration of Ne 174. is the ſame, whether the Mo- 
tions conſpire in the Reſolution, or act contrarily, 
cannot be referred to the Forces, as is evident from 
what has been demonſtrated already (293. 314.) 

In No. 384, 385. the Motion through AB is 387. 
compounded of two Motions, one of which we have Plate I. 
reſolved into others, but ſo, that after the Reſolu- Fs: 16.7. 
tion all the Motions will be in two Lines at Right 
Angles to one another; wherefore the Motion in 
each Line may be conſider'd a-part, which is im- 

| poſſible 
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poſſible to do when ſeveral Motions happen in more 
than two Lines; for then ſome Motions muſt of ne- 
ceſſity conſpire partly, or act contrarily; about 
which we have demonſtrated nothing, though they 
may be deduced from the ſame I heory of Forces. 


CHAP. AI. 
Of Oblique and Compound Percuſſion. 


DerFiniTion I. 


388. HE Angle of Incidence, is that Angle which the 
Direction of the Motion of a Body, firiking 
another makes with the Perpendicular to the Surface of 
it, in the percuſſient Point. 
DETINITION II. 


389. The Angle of Reflection, is the Angle that the Dire- 
ction of the Motion of the ſtriting Body makes with that 
[ame Perpendicular, after the Siroke. 

290. When the elaſtick Body P ſirikes upon the firm 
Plate V. Bottom FG obliquely in the Direction Pa, it will fly 
Fig. 1, back along ap; ſo that the Angle of Incidence PaB 

is equal to the Angle of Refleftion Bap. The Mo- 
tion through Pa, whoſe Length we ſuppoſe ex- 
preſſes the Velocity of the Body, may be reſolved 
into two others; the Direction of one of which is 
parallel to the Line Ba, and that of the other per- 
pendicular to this Line; then the Body will ſtrike 
the firm Bottom, as though it moved with two Ve- 
locities Ca, Ba acting in theſe Directions (383). 
The Motion in the Direction Ca is not alter'd, and 
the Body will continue moving with the Velocity aE 
ſuppoling Ca, @F. to be equal; with the Motion 
along Ba it ftrikes the Obſtacle directly, and 
returns in the fame Line with that Velocity it 
went (366.), that is, through aB; but the Body 
moving with theſe twoMotions, flies back along a p, 
the Diagonal of the Rectangle formed by the Lines 

1 OY 

7 a E, aB (174. ). But the Triangles BP, Bab are 


equal 


Fs. 


Fig. 


my 


e 


1 


m 
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equal and ſimilar; therefore the Thing propoſed is 


evident. | 

The Motion of Bodies ſtriking one another ob- 
liquely may be determin'd by reſolving a Motion in- 
to two others. The Body Q is at Reſt, and the Pla, V. 
Body P ſtrikes it in the Direction PA, with the E 2. 
Velocity P A. Through the Centres of both the Bo- 
dies when P comes to A, draw the Line DB, and PB 
perpendicular to it, and compleat the Parallelogram 
ABPC; the Motion through PA is reſolved into 
two other Motions along PB, PC, or AB, 

CA (383.); the Body P does not act upon C) with 
the Motion through CA; therefore the Action 
ariſes from the Motion through B A only, that is, 391. 
the Body P acts upon the Body Q, when it flrikes 
it obliquely with the Direction PA, and Velocity 
PA, after the ſame Manner as if it ſtrote it directly 
in the Direction B A, with the Velocity BA. And 
ſo the Motion of the Body Q from that Action, 
whether the Bodies be elaſtick or not, is determin'd 
from what has been ſaid concerning direct Percuſſion. 

From the ſame Principles is deduced the Motion 392. 
of the Body P after the Stroke; the Motion thro? 
CA is not changed ; therefore the Body P moves in 
the Direction A E with that Motion, and an equal 
Velocity; and fo let A E be equal to CA. The Acce- 
leration in the Motion BA, with reſpect to the Body 
P, is determin'd in the ſame Manner as the Motion 
of the Body Q, by what we have faid of the direct 
Percuſſion ; let A D be the Velocity of that Motion 
from that Motion, and the Motion through AE, 
there ariſes a compound Motion along the Diagonal 
Ap, which denotes the Direction and Velocity of 
the Body P after the Stroke (174.) 

When the Bodies be equal and elaſtice, all the 393. 
Motion from the Percuſſion through AB is de- 
ſtroy'd (377.), and the Motion through CA only 
remains, in which Direction the Body P then moves. 

And in that Caſe, both the Bodies depart always | 
after the Iinpulſe, with Directions at Right An- — 
| H 2 gles * 
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gles to one another, however the Body P ſtrike the 
other. (Exp.) 

Alſo upon the ſame Foundation depends the De- 
termination of the Motions of two Bodies after the 
Stroke, when they both move, and ſtrike one ano- 
ther in any manner ſoever; all the Caſes being re- 
ſolved after the ſame Way. 

394. Let the Body P move with the Direction and 
PlateV. Velocity PA; the Body Q with the Direction and 
*2- 3-4: Velocity Qa; draw the Line Bb, paſſing through 

the Centres of both the Bodies, when they touch each 
other; Let BP and Q& be perpendicular to this 
Line, and compleat the Parallelograms PBAC and 
Qbac. The Motion of the Body P is reſolved in- 
to two others, whoſe Velocities and Directions CA 
and BA do expreſs. The Motions into which the 
Motion of the Body Q 1s reſolved, are expreſs'd by 
ca, ba; the Bodies do not mutually a& upon one 
another with the Motions through CA and ca; 
therefore theſe Motions are not changed, and are 
expreſs'd by AE and ae, after the Stroke equal to 
AC and ac; the Percuſſion from the Motions along 
the Lines BA, ba is direct, and determin'd above: 
Let the Motion of the Body P be towards D, and | 
and its Velocity AD; the Motion of the Body 
towards d, and its Velocity a4. Then the Motion o 
the Body P, after the Stroke is compounded of the , 
Motions through AE and APD, and it will move 
along the Diagonal Ap. The Motion of the Body 

after the Stroke is compounded of the Motion 
through ae and ad; whence that Body will move in 
the Diagonal aq; and the Lengths of theſe Dia- 
gonals do expreſs the Velocities of the Bodies after 
the Stroke. In the third Figure the Bodies are ſup- 
poſed not to be elaſtick. In the fourth Figure the 
lame Caſe is repreſented when the Bodies be elaſtick. 
{ ſhall mention but one Example of Compound Per- 
Clio, | 
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While the Body P is at Reſt, let the Bodies QQJ 


equal to it, ſtrike it at the ſame Moment with equal 


'TO1 


95. 
late V. 


Velocities in the Directions Qg, Q: Let theſe Fx. 5, 6. 


Direct ions be continued out, and in them let P&, 
P5, repreſent the Velocity of the Bodies Q,Q before 
the Stroke; let the Rhombus Pad pd be ſo formed, 
that drawing from p to P 4 (continued out if neceſſary) 
the Perpendiculars pa, pa, the Points 6, b, be the 
Middles of da and da, the Body P after the Stroke 
will move in the Direction Pp, with a Velocity 


proportional to this Line; but the Bodies Q and Q 


will move without any alteration af their Directions, 
with the Velocity bd or ba; they will continue mov- 
ing when the Angle made by the Directions of the 
Bodies Q, Q is acute; and will turn back, when that 
Angle is obtuſe. (Exp.) 
Thoſe who defire more concerning Percuſſion, ma 

conſult our Phyſical Elements, and eſpecially the 
Scholiums to them. 


C HAP. XXIV. 
Of the Laws of Elaſticity. 


E have already ſhewn what Elaſticity is, and 
whence it ariles (46.), and what is its Effect 
in the Congreſs of Bodies, whether they ſtrike one 
another directly or obliquely z what remains is to ex- 
amine the Laws of Elaſticity, which we ſhall ds 
from Phznomena. 


All Bodies in which we obſcrve Elaſticity, are made 


up of ſmall Threads, or Filaments, or at leaſt may 
be conceiv*d as conſiſting of ſuch Threads; and it 
may be ſuppoſed, that the B «ty may be divided into 
Threads, and theſe laid together make up the Body: 
therefore that we may examine E/3/t1ci1y in the molt 
ſimple Caſe poſſible, we muſt confider Wire Strings, 
and not Sheeps Gut ones, becauſe theſe laſt have a 
ſpiral T wiſt, and cannot be conſider'd in the fame 
Manner as thoſe Fibres, of which the elaſtick Bodies 
are ſuppoſed to be form'd. 

113 The 
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396. The Elaſticity of Fibres conſiſts in this, that they can 
be extended; and taking away the Force by which they 
are lengthen'd, they will return to the ſame Figure they 
bad at 

397. Fibres bave no Eſtaſticity, unleſs they be ſtretch'd with 
fome Force; as appears in Wires, whoſe Ends are 

4 fixed ; for if you remove them a little out of their 

1 Poſition, they do not return to it of their own accord; 

1 but what the Degree of Tenſion is, which cauſes the 

Elaſticity to begin, has not yet been found out by 
Experiments, 

398. When a Fibre is extended with too much Force, it 
loſes its Elaſticity ; and this degree of Tenſion isalfo 
unknown: This indeed is manifeſt, that the Degree 
of Tenſion in Fibres, which conſtitute Elaſticity, 
is confined to certain Limits. 

299, Hence appears the Difference berween Elaſtick 
Bodies and thoſe which are not fo, WAY a Body 
loſes its Elaſticity, and how a Body, void of Elaſti- 
city, acquires that Property. Plates of Metal, by 
repeated Blows of a Hammer, will be made Elaſtick, 
and, being heated, do again loſe that Property. 

Between the Limits of Tenſion that terminate Elaſti- 
city, there is a different Force required for differenc 
Degrees of Tenſion, that ſa Wires may be ſtretched 
to certain Lengths: What this Law 1s, muſt be deter- 
mined by Experiments with Wires. Bur as theſe 
Wires are but a ſmall matter lengthened, even by 
the ſuper-addition of large Weights, the Propor- 
tion of theſe Lengthnings cannot be eaſily and di- 
rectly meaſured; they muſt therefore be meaſured 
by another Method. 

Plate V. Let A B be an Horizontal Wire ſtretched with a 

Fg, certain Force, whoſe Ends are fixed at A and B; 

let it be bent by a Weight hanging in the midd le of 
of it, ſo as to acquire the Situation AB C. 


DriINITION. 
-» The Line Cc, drawn from the middle Point of the 
9 String or Wire after it is bent, to the middle Point 4 
| 76 . 
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the ſame, when it was in its natural State, is called the 
Sagitta ( Arrow) of the Wire. 

Let c e be an Arch of a Circle deſcribed about the 
Centre B with the Radius Bc. Half the String or 
Wire was ſtretched the Length Ce by the Bending, 
which Quantity has a certain Relation to the Sa- 
gitta Cc; for the Lengthenings from the Inflections 
here ſuppoſed, are nearly as the Squares of the Sa- 
gittas. Alſo the Weight by which the String is 
ſtretch'd has a certain Relation to the Force by 
which the String is ſtretch'd, that is, drawn alon 
BC; and ſo by comparing the Sagittas Ce in ſeve- 
ral Experiments, and the Weights with which the 
Strings are bent, the Proportions of the Lengthen- 
ings are determin'd. 

When a Weight firetches a Wire, and it be bent by 401. 
any other leſſer Weight, if theſe Weights be any how 
changed, ſo as to be in the ſame Ratio, the Length of 
the Sagitta will not be alter'd ; ſuppoſing this Sagitta 
to be ſo ſmall, as not to exceed the hundredth Part of 
the Length of the Wire. (Exp.) 

Alſo ſuppoſing the ſame Tenſion to remain, the 402. 
ſmall Sagittas are to one another as the Forces that 
bend the Wire. (Exp.) 

Alſo Wires that any how differ, when they are of 403. 
the ſame Length and equally firetched, are equally bent 
by equal Forces. (Exp.) 

All theſe Theorems are of great Uſe in the Ex- 
planation of ſome Phenomena, as we ſhall ſee; but 
theſe Experiments do not conduce to the Determi- 
nation of the Law of Elaſticity itſelf. For we 
ſhew how theſe Theorems are found out by Experi- 
ments, and in theſe have no regard to any Law of 
Elafticity, which may be varied at pleaſure, while 
the Experiments remain the ſame. 

Let AB be a ſtretched Wire; and bent ſo as to 404. 
acquire the Poſitions AcB, AcB, ACB. Let Plate V. 
B be ſuppoſed to repreſent the Tenſion ; becauſe in F. 8. 
this Place we treat of a ſmall Sagitta, the Lines c B, 
cB, CB, do a very little exceed B, and the 

H 4 Lengthen- 
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Lengthenings are inſenſible; and fo whatever Law 
of Elaſticity be ſuppoſed, very ſmall Forces will 
give theſe Lengthenings therefore there will ariſe 
no ſenſible Error, by ſuppoſing cB, B, CB to re- 
preſent reſpectively the Lengthenings of the Wire 
in each of thoſe Bendings. But the Tenſion of the 
Wire, in the Situation A CB, is the Force by which 
the Point C is drawn along CB and CA; and twice 
the Sagitta repreſents the Force by which the ſame 

405. Point is drawn downwards (161.), which is the Force 
that bends the Wire. Therefore this Force, when the 
Sagitta is ſmall, has the ſame Ratio to the Force that 
flretches the Wire before it was bent, as twice the Sa- 
gitta is to half the Length of the Wire; from whence 
the three Experiments (401, 402, 403.) aforeſaid 
follow. 

We likewiſe find out the Law of Elaſticity by 
Experiments, when the Bendings be ſo augmented, as 
that their Proportion has a ſenſible Variation 8 
the Ratio of the Weights that bend the Wire; 
order to which, the Wire is to be faſten' d, as we do 
the String of a Muſical Inſtrument; that is, ſtretch'd 
by means of a Screw inſtead of a Weight; which 

406. when perform'd with all poſſible Exactneſs, we find, 
that however the Degree of Tenſion be changed in the 
ſame Wire, it is firetch*d with the ſame Quantity, if 
the ſame firetching Power be ſuperadded to the Tenſion ; 
which is gain'd by a Computation from Experiments 
that at firſt Sight do not ſeem to be able to afford 
ſuch a ſimple Rule. (Exp.) 

407. Whence it follows, that ihe different Stretchings of 
the ſame Wire, or Fibre, are to one axother as the 
Forces that ſtretcb them. (Exp. 

409. In Wines of the ſame Kind, Thickneſs, and which 

are equaliy ſtretchd, but of different Lengths, the 
Lengthenings which are produced by the Super-addition of 
equal Weights, are to one another as the Lengths of the 
Wires. This is plain, becauſe the Wire is equally 
ftrerched in all its ye therefore the — 
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of the whole Wire, is double the Lengthening of 

half of it, or of a Wire half that Length. 

As to the bending of thoſe Wires, let AB, a b, Plate V. 
be Wires of the ſame Kind and Thickneſs, but of *#: 9. 
different Lengths, and equally ſtretched; if theſe be 

bent with equal Weights, twice the ſmall Sagittas 

will be as the Halves of the Wires (40g. ). and fo the 

{mall Sagittas c C, D d are as the Lengths of the 
Wires which therefore always obtains, all things elſe 

being the ſame, in unequal Wires bent with equal 
Weights. (Exp.) 

If the Wire AB, any how ſiretch'd, be ſo bent 410. 
as to acquire the Figure A CB, and be left to itſelf, Plate V. 
it will return to the Figure it had at firſt by its E. 7+ 
Elaſticity, and the Motion of the Point C is accele- 
rated; for the Point C of the Wire, when in the 
Situation A CB, moves with ſuch a Force as can 
keep it in that Situation, this Force is not deftroy'd ; 
and in all Points of the Sagitta there is ſuper-added 
to it that Force by which the Point C may be kept 
in each of them; the greateſt Velocity is in c, and 
that carries the Point C further; then it returns, and 
performs various Vibrations, in which the Point C 
moves but a very ſhort Space; and this is the Rea- 
ſon why the Force by which the Point C is agitated 
at all Diſtances from c, is as thoſe Diſtances (402.) 

And ſince the Elaſticity of the Hire is the movin 
Cauſe, this Cauſe is ſo carried with the Wire itſelf, 411. 
that it preſſes the ſame, though in Motion, as if it 
were at Reſt; and therefore this Force is of the ſame 
Nature with Gravity (183.). Wherefore this Motion 
anſwers to that of a Body vibrating ina Cycloid(216.), 

and the Vibrations, though unequal, are made in the 
ſame Time (217.) 

When the Wires are equal and ſimilar, but not 412. 
equally ſtreteb'd, unequal Forces are requir'd to | 
ſtretch them equally ; therefore the Vibrations are 
perform'd in unequal Times. 

The Motions of the Wires may be compar'd 
with the Motions of Pendulums vibrating way 
cloids 
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cloids (411.) and deſcribing ſimilar Cycloids by 
different Forces ; which Forces are exactly as the 
Squares of the Times of the Vibrations (229.). There 
fore in Wires too, the Squares of the Times of the 
Vibration are to one another inverſely, as the Forces 
by which the; are equally bent, which are as the 
Weights by which the Wires are ſfiretch'd, (401.) 

When the Wires are fimilar, equally ſtretch'd, but 
of different Lengths, their Motion may be com- 
par*d with that of Pendulums. When we have to 
deal with different Weights in the Motion of Pen- 
dulums, we have regard to the Velocities communi- 
cated to the Bodies in like Circumſtances ; and be- 
cauſe theſe Velocities are as the Forces themſelves, 
therefore we remember the Proportion of the Forces, 
which may be referred alſo to the Proportion of the 
preceding Number. 

But in the preſent Caſe we muſt have regard to 
the Velocities generated in like Circumſtances, and 
compare the Ratio of thoſe Velocities with the 
Ratio of the different Weights. 

The Wires A CB, a 4b, bent by equal Weights, 
are acted upon after the ſame Manner as Gravity 
does upon Bodies, which are to one another as 44 to 
AB; and in this Ratio alſo are the infinitely ſmall 
Velocities which are communicated to theſe Bodies 
by equal Forces (76.) Alſo theſe Wires move like 
Pendulums, whoſe Lengrhs are as B to Db, or 
AB to ab. Therefore the Squares of the Times of 
the Vibrations, which are inverſely as the Forces, and 
directly as the Lengths of the Pendulums (2 30.) are 
in the Ratio compounded of the inverſe Ratio of 
ab to AB, that is, AB to ab, and of the direct 
Ratio of AB to ab; which compound Ratio is that 
of the Squares of the Lengths. Therefore the 


\ Lengths of the Wires are as the Times of their Vibra- 


. 


tious. 

In the ſame Manner we may compare the Times 
of the Vibrations of Wires of different Thickneſſes, 
when they have the ſame Length, and are ſtretched 

| | with 


of the Newtonian Philoſophy. 


with equal Hights; theſe are equally bent with 
equal Weights; and fo are acted upon as equal Pen- 
dulums of equal Weights (76.), which are in- 
verſely as the Quantities of Matter in the Wires, 
that is, inverſely as the Squares of their Diameters g 
which Ratio muſt be inverted again, fo as to have 
the Proportion of the Squares of the Durations of the 
Vibrations (229.)z and ſo theſe Diameters are as the 
Durations. 
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Any Wires of the ſame kind being given, tbe 415. 


Duration of the Vibrations may be compared to- 


gether; for they are in a Ratio compounded of the 


inverſe Ratio of the Square Roots of the Weights, 
by which the Wires are ſtretched (412.), in the Ratio 
of the Lengths of the Wires (413.), and in the Ratio 
of the Diameters (414.). If the Diameters be mul- 
tiplied by the Length, and the Product be divided 
by the Square Root of the Weight that ſtretches 
the Wire, and perform the ſame Operation for ſe- 
veral Wires, the Quotients of the Diviſion will be to 
one another as the Times of the Vibrations. 


Elaſtick Plates may be conſider'd as a Congeries416. 


or Bundle of Wires or Fibres: When the Plate is 
bent, ſome Fibres are lengthen'd, and the Lengthen- 
ings in ſeveral Points of the Plate are unequal : Alfo 
the Curve form'd by the bent Plate may be found 
out from what has been ſaid of Wares. (406.) 


By comparing together the Bendings of the ſame 417. 


Plate, they are proportional to the Forces by which 
the Plate is bent (Exp.). Let AB be a Plate or 


Spring, whole End A is fixed; and let it be bent by Pte V. 


two Forces, fo as to acquire the Situations @b, ab ; 
if the one be double the other, 44 and Bb will be 


Fig. 10. 


equal; and fo in the Vibrations the Motion of 418. 


the Plate is accelerated, juſt like the Motion of a 
Wire (402.), and the Motion of a Pendulum in a 
Cycloid (216.); and the Vibrations of the Plate are 
performed in equal Times. 


What has been faid of the bending of Plates, may 4%. 
be applied to the Curve Plate or Spring ACB; if t 
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it be preſſed by two Weights, ſo as to acquire the 
Poſitions ach, ach, and the Weights be to one a- 
nother as one to two, the Diſtances cc, cC will be 
equal (417.); Therefore the bendings inof the Spring, 
or the Spaces moved through By the Point C, are 
to one another as the Weights with which the Plate 
is preſſed : which may alto be applied to the Bend- 

ings in of ſeveral Plates joined together. 
420. Yet notwithſtanding in the Ball A CB, made of an 
Plate V. elaſtick Subſtance, which may be conſider'd as con- 
Fig. 12. fiſting of ſeveral Plates, the yieldings inward of the 
Point C, will not be proportional to the Forces by 
which the Ball 1s preſſed: For when the yielding 
inwards 1s doubled, there is indeed a double Force 
required to do it, becauſe of a double bending of the 
Plates; but the Force muſt be further augmented, 
becauſe of the greater Number of bent Plates; and it 
is evident, from Experiments, that for this Reaſon the 
Force muſt be doubled too, ſo that a quadruple Force 
is required. It alſo appears by Experiments, that 
generally the Square of the yielding inwards follows 
the Proportion of the Force by which the Ball is 
compreſſed ; that is, if the Ball itſelf ſtrikes upon 
a firm Bottom, the yieldings inward are as the 
Velocities with which the Ball ſtrikes that Bot- 

tom. (300.) 

Plate V. Let the Point C of the Ball A CBE ftrike againſt 
Pg. 13. any given Plane ſeveral Times, cauſiing the Point 
C to yield inwards to d, d, D, the Velocities of the 
Strokes will be to one another, as the Lines Cd, 
Cd, CD; by the firſt Stroke the part a C becomes 
flat ; by the Second, the parta Cb; and by the 
Third, the part ACB: And becauſe we ſuppoſe al- 
N ways the Arches to be but ſmall; the Arches, that is, 
| the Diameters of the flat Surfaces made by the Strokes, 
are to one another nearly as the Chords Ca, Ca and 
CA; therefore thoſe Surfaces are to one another as 
the Squares of theſe Chords (2. 12. Elm.), in which 
ſame Ratio alſo (by the Nature of the Circle) are 
I; the Lincs Cd, Cd, CD (222.), which are to one 


another 
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it be preſſed by two Weights, ſo as to acquire the 
Poſitions a c, ach, and the Weights be to one a- 
nother as one to two, the Diſtances cc, cC will be 
equal (417.); T herefore the bendings inof the Spring, 
or the Spaces moved through by the Point C, are 
to one another as the Weights with which the Plate 
is preſſed : which may alto be applied to the Bend- } | 
ings in of ſeveral Plates joined together. | 
420. Yet notwithſtanding in the Ball A CB, made of an 
Plate V. elaſtick Subſtance, which may be conſider'd as con- 
Fig. 12. fiſting of ſeveral Plates, the yieldings inward of the 
Point C, will not be proportional to the Forces by 
which the Ball is preſſed: For when the yielding 
* inwards 1s doubled, there is indeed a double Force 
required to do it, becauſe of a double bending of the 
Plates; but the Force muſt be further augmented, 
becauſe of the greater Number of bent Plates; and it 
is evident, from Experiments, that for this Reaſon the 
Force muſt be doubled too, ſo that a quadruple Force 
is required. It alſo appears by Experiments, that 
generally the Square of the yielding inwards follows | 
the Proportion of the Force by which the Ball is 
compreſſed ; that is, if the Ball itſelf ſtrikes upon 
a firm Bottom, the yieldings inward are as the | 
Velocities with which the Ball ſtrikes that Bot- 
tom. (300.) 
Plate V. Let the Point C of the Ball A CB E ftrike againſt 
Pg. 13: any given Plane ſeveral Times, cauſiing the Point 
C to yield inwards to d, d, D, the Velocities of the 
Strokes will be to one another, as the Lines C4, 
Cd, CD; by the firſt Stroke the part a C & becomes 
flat ; by the Second, the parta Cb; and by the 
Third, the part AC B: And becauſe we ſuppoſe al- 
ways the Arches to be but ſmall ; the Arches, that is, 
the Diamcters of the flat Surtaces mace by the Strokes, 
are to one another nearly as the Chords Ca, Ca and 
CA; therefore thoſe Surfaces are to one another as 
the Squares of theſe Chords (2. 12. Elz.), in which 
ſame Ratio alſo (by the Nature of the Circle) are 
the Lincs C4, Cd, CD (222.), which are to one 


another 
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another as the Velocities (420.). Therefore the flat 42 1. | 
Surfaces of an elaſtick Sphere, made by its ſtriking | 
a Plane, are in the ſame Proportion with the Velocities 

by which that Plane is ſtricten. (Exp.) 

But fince the Segments here are ſuppoſed to be 422. 

but ſmall, viz. ſuch that are to one another as the 

Squares of the Lines Cd, Cd, CD; thoſe Seg- 

ments that are preſſed inwards, are as the Squares of 

the Velocities with which the Ball ſtrikes, that is, l 
as the Forces which are ſpent by preſſing the Seg- | 
ments inwards (420.). Which is agreeable to what 
has been demonſtrated of ſoft Bodies (320.) l 


The End of the Firſt Book. 
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PART I. Of the CEravity and Pre 
ſure of Fluids. 


e 


Of the Gravity of the Parts of Fluids, and 
its Effects in the Fluids themſebves. 


Fluid is a Body whoſe Parts yield to any Force 
impreſs'd, and by yielding are very eaſily 
z. moved one amongſt another (35. ). From whence 
. it follows that Findity ariſes from this, that the Parts 
do not ſtrongly cobere, and that the Motion is not hin- 
der d by any Inequalities in the Surfaccs of the Parts, 

as it happens in Powders. 

But the Particles of which Fluids conſiſt, are of 
the ſame Nature with the Particles of other Bodies, 
and have the ſame Properties; tor Fluids are often 
turn'd into Solids, when the Coheſion of the Parts 
becomes ſtronger, as in Ice; on the contrary, melted 
=== are an Inſtance of Solids being changed into 

luids. 
424. Fluids agree with Solids in this, viz; that they con- 
fiſt of heavy Particles, and have their Gravity propor- 


tional to their Quantity of Matter in any Poſition of 
the 
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the Parts. If that Gravity be not ſenſible in the 
Fluid it ſelf, the Cauſe thereof is, that the lower 
Parts ſuſtain the Upper, and hinder them from 
deſcending (Exp.); but it does not from thence fol- 
low, that the Gravity 1s taken away ; becauſe a Fluid, 
contain'd in a Veſſel, will preſs down the end of a 
Balance,which carries the Veſſel, in Proportion to its 
Quantity. | 

From this Gravity it follows, that the Surface of a42 5. 
Fluid contained in a Veſſel to keep it from running out, if 
it be not preſſed from above; or if it be equally preſſed (for 
that makes no Alteration) will become flat, and parallel 
to the Horizon; for as the Parts yield to any Im- 
preſſion, they will be moved by Gravity, till at laſt 
none of them can deſcend any lower. 

The lower Particles ſuſtain the Upper, and are 426. 
preſſed by them, and this Preſſure is in Propor- 
tion to the incumbent Matter; that is, to the Height 

„f the Fluid above the Particle which is preſſed. But as 
che upper Surface of the Fluid is parallel to the Ho- 
= 
J rizon (425.), all the Points of any Surface, which 
may be conceiv'd within the Fluid parallel to the 
3 Horizon, are equally preſs'd. | 
I therefore in any Part of ſuch a Surface, there is 425: 
a a leſſer Preſſure than in the other Parts, the Fluid 
(which gives way to any Impreſſion) will be moved 
there, that is, will aſcend till the Preſſure becomes 
equal, (Exp.) 
* The Preſſure upon the lower Parts, which ariſes 428. 
from the Gravity of the ſuper-incumbent Fluid, ex- 
S erts it ſelf every Way, and that equally (Exp.). 
Which follows from the Nature of a Fluid; for its 
Parts yield to any Impreſſion, and are eaſily moved; 
therefore no Drop will continue in its Place, if while 
it is preſs'd by the ſuper - incumbent Fluid, it is not 
equally preſs'd on every Side; but it cannot be 
moved, by reaſon of the adjacent Drops, which are 
preſs*d in the ſame Manner, and with the ſame Force 


by the ſuper · incumbent Fluid; and therefore = 
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firſt or loweſt Drop is at Reſt, and equally preſs'd 
on all Sides; that is, in all Directions. 

429. Hence it follows, that all the Particles of Fluids 
are preſsꝰd equally on every ſide, and therefore are at 
Reft, and that they do not move continually among 
themſelves, as ſome have imagined. 

430. In Tubes or Pipes that have a Communication with 
each other, whether equal or unequal, ſireight or 
oblique, a Fluid riſes to the ſame Height, that is, 
all che upper Surfaces are in the ſame Horizontal 
Plane; which is eaſily deduced from what has been 

Plate VI. ſaid. Let A be a Veſſel, and CB a vertical Tube, 

Fg. 1- and E D an inclined Tube, having a Communication 
by means of the Tube CE; let a Fluid be poured 
into them, and ſuppoſe f g to bea Surface parallel 
to the Horizon: If the Heights fi and g ] be un- 
cqual, the Fluid will aſcend where that Height is the 
leaſt (427.). For the ſame Reaſon, unleſs the Preſ- 
ſures at g and h be equal, the Fluid will not be at 
Reſt : But they are equal, when I and x are in the 
ſame Horizontal Plane; for as the Preſſure ariſes 
from the Gravity of the Parts which tend towards 
the Centre of the Farth, the Height of the preſſing 
Fluid muſt be meaſured according to that Direction, 
that is, it will be m; but the Obliquity of the Co- 
lumn þ x carrics no Alteration ; becauſe the Preſſure 
at the ſame Depth is every way equal. (428.) 
(Exp) 

All Fluids are not equally heavy, that 1s, have 
not the ſame Quantity of Matter in the ſame Space: 
But what has been ſaid, takes Place in every ſeparate 
Fluid. 

431. When Fluids of different Gravities are contain'd 
in the ſame Veſſel, that which is heavieſt takes 
up the loweſt Place, and is preſſed by the lighter, 
and that in Proportion to the Height of the lighter. 
(Exp.) 


CHAP. 
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CHAP. IL 


Of the Action of Fluids, upon the Bottoms 
and Sides of the Veſſels that contain them. 


HE Bottom and Sides of a Veſſel that contains 432. 
a Fluid, are preſſed by the Parts of the Fluid 
that immediately touch thoſe Sides; and becauſe the 
Re- action is equal to the Action (175.) thoſe Parts 
doall ſuſtain an equal Preſſure. But ſince the Preſſure 
of Fluids is every way equal, the Bottom and Sides 
are preſſed as much as the adjacent Parts of the Fluid; 
therefore this Action increaſes in proportion to the Heighth 
of the Fluid, (428. 426.). and atthe ſame Depth is every 
where equal, it depending entirely upon the 1 
and not at all upon the Quantity of the Fluid. | 
Therefore when the Height of the Fluid, and Big- | 
neſs of the Bottom, continue the ſame, the Action | 
upon the Bottom will always be equal, however the | 
Shape of the Veſſel be changed. In every Caſe, 256433. 
Preſſure ſuſtain d by the Bottom, is equal to the Weight 
of a Column of the Fluid, whoſe Baſe is that Bottom; 
and the Height, the upright Diſtance from the upper 
Surface of the Fluid, to the Bottom of the Veſſel. (Exp) 

That this is ſo in a Veſſel of a priſmatical Fi- 434. 
gure, whoſe Baſe is AB, and in which AC is the Pie VI. 
Height of the Fluid, there is no Body but what F. 2. 
will readily grant, for the Bottom ſuſtains all the 
Weight of the Fluid, and nothing elſe. But 
while the Height of the Fluid, and the Bottom \ 
of the Veſſel, continue the ſame, the Preſſure upon 
the Bottom will be the fame, though the Figure 
of the Veſſel be alter'd, fo as to contain a greater, 
of lefſer Quantity of the Fluid, as in Fig. 3, and 4. 
which is a kind of Paradox arifing from the Nature 
of Fluidity. 5 8 

Every Drop of a Fluid which is at Reſt, has an 435. 
Endeavour of moving every way with the fame 
Force (428.) ; If therefore it be preſſed on one Side, 
it endeavours to move with the lame Force * 

1 c 
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that ſide, becauſe the Re- action is equal to the Action; 
and with this ſame Force it preſſes every Way: In 
the third Figure, the Fluid, which touches the Bot- of 
tom, anſwering to the Tube, ſuſtains the Weight of 

a Column of the Fluid, contain'd in the Tube, and 
and continued down quite to the Bottom, and ſo preſ- 
ſes the Bottom with ſuch a Force, that it acts upon 
the Fluid next to it with the ſame Force; and ſince : 
that Fluid cannot flow out againſt the Bottom, the | 
Fluid next to it is preſs'd with the ſame Force; and 
ſo inall parts of the Bottom there is a Preſſure equal 
to that which lies under the Tube : Therefore, the 
Bottom is as much preſs'd as if a Column of the 
Fluid, of the ſame Height as the Fluid in the Tube, 
and whoſe Baſe was that Bottom, ſhould lie upon 
thar Bottom. 

436. In the fourth Figure, let us conceive the Priſmati- 
cal Veſſel ABdc to be ſimilar to that of Fig. 2. by 
this the outward Fluid is ſeparated from the Fluid 
contain'd within the Priſm, and this only preſſes 
upon the Bottom, and the Bottom ſuſtains all of it; 
the Fluid in the Priſm preſſes upon the Sides of it, 
and the outward Fluid preſſes upon the outward Sur- 
face of the Priſm, and the outward Surface is preſ- 


ſed in the ſame Manner as the Inward ; and the Preſ- 
ſure againſt oppoſite Points are equal: So that if the ; 
Surface was taken away, theſe Preſſures would mutu- 
ally deſtroy each other; therefore it matters not whe- 
ther there be ſuch a Surface or no; and ſo taking it 
away, that is, when the Priſm is taken away, the 
Action upon the Bottom will be the ſame. 

437. All this depends upon the Gravity of Fluids, but 
theſe Actions muſt be diſtinguiſhed from the Weight 
of the Fluids, which is always proportional to their 
Quantities of Matter (424.). 

That the fide Preſſure, and that which tends up- 
' wards, are equal to the Preſſure upon the Bottom, 
at the ſame Depth from the upper Surface of the 
Fluid, is deduced from the Action of the Fluid ex- 


erting 
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erting it ſelf equally every way; which therefore un- 
dergoes no Alteration from the change of the Figure 
of the Veſſel (Exp.). 


CHAP. III. 


1 T follows from what has been ſaid (o.) that the 

different Gravity of Bodies, whether ſolid or 

fluid, ariſes from this, that they contain a greater or 

leſs Quantity of Matter in an equal Space. 
DEFINITION I. 

The Quantity of Matter in a Body conſidered with 438. 
regard to its Bulk, that is, in regard to the Space poſ- 
ſeſſed by it, is call'd the Denſity of the Body. 

One Body is ſaid to be twice or three Times, c. 
as denſe as another, when ſuppoſing their Bulks 
equal, they contain twice, or three Times, (fc. as 
much Matter. 


DEFINITION II. 
A Body is ſaid to be Homogeneous, when it has the 439. 


ſame Denſity in all its Parts. 


DzeFiniTion III. 


And Heterogeneous, when the Denſity is unequal in 440. 
different Parts of the Body. 
DeriniTion IV. 


The Gravity of @ Body, conſidered with relation to its 441, 
Bulk, is called the Specifick Gravity of a Body. 

The Specifick Gravity is ſaid to be double, when 
the Weight is double under the ſame Bulk. 

Therefore the Specifick Gravities and Denſities of 442. 
Bodies in Homogeneous Bodies are in the ſame Ratio, 
and they are to each other as the Weights of equal Bodies 
in reſpect to their Bulk. 1 

If Homogeneous Bodies be of the ſame Weight, their 443. 
Bulks are ſo much the Leſs as their Denſities are 
Greater; and under the ſame Weight, the Bulk di- 
miniſhes in the ſame Ratio, as the Denſity grows 
greater; and therefore in that Caſe the Volumes are 


inverſely as the Denſities. 


I 2 From 
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From whence, when two of the three Ratios in 
Homogeneous Bodies are given, viz. of the Weights, 
Bulks, and 2 we can find the Third. , 

444. The Weights are in the Ratio compounded of the 
Bulks and Denſities. 4 

445. The Bulks are directly as the Weights, and inverſely 
as the Denſities. 

446. The Denſities are directly as the Weights, and in- 
verſely as the Bulks. 

447. ben a Solid is immerſed in a Fluid, it is preſſed by 
the Fluid on all fides, and this Preſſure increaſes in Pro- 
portion to the Height of the Fluid above the Solid: As 
it follows from what has been faid in the Chapter 
aforegoing, and which alſo is proved by direct Ex- 
periments. (Exp.) 

When a Solid is immerſed in a Fluid to a great 
Depth, the Preſſure againſt the upper Part differs 
very little from the Preſſure againſt the Lower: 

4.43, therefore Bodies very deeply immerſed, are almoſt equally 
preſſed every Way; which Preſſure may be ſuſtained by 
ſoft Bodies without any Alteration of their Figure, 
and by very brittle Bodies, without their break- 
ing (Exp.). 

449. Even the Figure of any Drop of a Fluid, will 
not be changed by the Preſſure of another Fluid which is 

450. every way equal. Let A be a Drop of an irregular 

I VI. Figure, every way equally preſſed by another Fluid; 

1 5 the Direction of the Preſſure upon every Point is 
perpendicular to the Surface of the Drop, which it 
denied, the Preſſure muſt be reſolved into two Preſ- 
ſures, (158.), one of which acts perpendicularly to 
that Surface, and the other in a Direction parallel to 
it; and becauſe this laſt Preſſure does not act upon 
the Surface, the Drop is preſſed only with that 
Preſſure whoſe Direction is perpendicular to the 
Surface. 

Let the Point B be preſſed ; the Particle preſs'd 
does it ſelf preſs every way with an equal Force, 
and all the Particles preſs'd do likewiſe preſs with — 

2 
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fame Force, ſo that the Preſſure is immediately dif. 
ſed throughout the whole Drop ; wherefore a 
article, as D, which is preſſed equally from every 
Part, endeavours to move in the Direction DE, 
with the Force by which it is preſſed, that is, with 
the Force by which the Particle B is preſſed out- 
wardly ; but the Particle D is ſuppoſed to be preſſed 
by an equal Force along DE; therefore that Par- 
ticle cannot move: The fame may be ſaid of the 
Point F, or any other Point of the Drop, conſe- 

ently the Dropcan have no Motion. 
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A Solid ſpecifically heavier than a Fluid, being im- 451. 


merſed in that Fluid at any Depth, will deſcend, The 
lower Part of the Solid preſſes the Surface of the 
Fluid which it touches, and this Preſſure is equal to 
the Weight of a Column conſiſting of the Body it 
ſelf, and the Fluid that lies upon it; and this is the 
Force with which the Body 1s carried downwards : 
The Weight of a like Column, but which conſiſts 
wholly of the Fluid, 1s the Force by which the Body 
is preſſed upwards by the Fluid (447. 428.), But 


fince the Solid is ſuppoſed to be ſpecifically heavier - 


than the Fluid, this Force is leſs than that, and con- 
ſequently is overcome by it. 


4 
In like manner we demonſtrate, that a “4 „ , - 
9 1 452. 


cifically lighter than a Fluid, and immerſed will 
aſcend to the op of the Fluid. 


But if a Solid bas the ſame ſpecifical Gravity as the 452. 


Fluid in which it is immerſed, it will neither aſcend 
nor deſcend, but remain ſuſpended in any Part of the 
Fluid where it is put, and the Fluid will ſuſtain the 
whole Body : In which Caſe, by reafon of the Equa- 
lity of the ſpecifical Gravities, the Fluid ſuſtains a 
Weight equal to the Weight of a Quantity of that 
Fluid, which would fill up the Space poſſeſſed by 
the Solid: But the Fluid acts in the fame Manner 
upon all equal Solids immerſed to the fame Depth, 


and will ſuſtain them equally. Therefore, any Fo- 454. 


lid immerſed in a Fluid, loſes ſome part of its Gravity, 
I 3 equal 
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equal to the Weight of ſo much of the Fluid that can fill 
up the Space the Body poſſeſſes. (Exp.). 

A 9 which is ſuſtained by a Fluid, does not 
really loſe part of its Gravity, but deſcends in the 
Fluid, or draws the String that holds it, as though 
the Weight were really leſſen'd. 

DEeFiniTion V. 

455. A Weight which keeps a Body immerſed in a Fluid, 
is called its reſpective Gravity. 

456. And this reſpeftive Gravity is the Exceſs of the ſpe- 
cifical Gravity of a Solid above the ſpecifical Gravity of 
the Fluid (454.). 

457- Hence it follows, that all equal Solids, but of diffe- 
rent ſpeciſical Gravities, when they are immerſed in the 
ſame Fluid, do loſe equal Parts of their Weight ( 454.). 

453. Therefore, however the Denſities of equal Bodies 
differ among themſelves, if they be immerſed in the ſame 
Fluid, the Weights which they loſe ars in the Ratio of 
their Bulks: For in that Ratio are the Spaces that 
they take up in the Fluids. 

459- Therefore Bodies of the ſame Weight, but of 
different Denſities, do loſe unequal Parts of their 
Weight, when they are immerſed in the ſame Fluid, 
becauſe of the Inequality of their Bulks. 

When a Solid, that is ſpecifically heavier than a 
Fluid, is ſuſpended in it; the Fluid acts every way 
upon that Solid, in proportion to its Altitude, (447.) 
And the Solid equally re- acts upon the Fluid ; and 
therefore thoſe Actions are the ſame, as if the Space 
poſſeſs'd by the Solid were filled up by that Fluid; 


460. and ſo it does not ſignify with reſpeft to the Gravity of 


the Fluid, whether a Solid ſpecifically heavier than the 
Fluid be ſuſpended in it, or a Quantity of the ſame 
Fluid be poured in, which takes up a Space equal to the 
Solid. (Exp.) 

461, From the Compariſon of No. 454, with N'. 460, 
it follows, that a Fluid acquires the Weight the immer- 
ſed Solid loſes. The Force of Gravity is always pro- 
portional to the Quantity of Matter, and is changed 


by 
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by the Immerſion of a Solid into a Fluid. Therefore 
the Sum of the Weights of the Solid and of the Fluid, 
do not differ before and after the Immerſion. (Exp.) 

A Solid ſpecifically heavier than a Fluid, and 462. 
which deſcends in it, is carried downwards with a 
greater Force than upwards, as is already explained 
(451.); the Difference of which Force is the reſ- 
pective Gravity of the Solid. The firſt Force, in 
part, conſiſts of the Weight of the Fluid lying over 
the Body, and the Body may be immerſed to ſuch 
a Depth, that this Weight ſhall be equal to the 
reſpective Gravity above-mentioned ; if in that Caſe 
you take away that ſuperincymbent Fluid, the Solid 
will be ſuſtained by the Preſſure of the Fluid 
under it (Exp.). If the Body be immerſed to a 463. 
greater Depth, and the Fluid be alſo hindred from 
preſſing upon the upper Surface of the Solid, becauſe 
the Preſſure, by which the Body is puſhed up, en- 
creaſes, as the Depth to which it is immerſed (447. ); 
The Solid is carried upwards with a greater Force 
than it falls downwards by Gravity ; and therefore 
if it could move freely, it would aſcend (Exp.). 

The ſame Solid that is immerſed in Fluids of a different 464. 
Denſity, loſes different Parts of its Weight (454.); 
therefore when two Bodies of the ſame Denſity and 
Weight be immerſed in Fluids of different Denſities, 
their Equilibrium will be loſt (Exp.). 

A Solid lighter than a Fluid, and immerſed in it, 465. 
aſcends to the top of the Fluid (and ſtays there, 
452.) ſo as to be immerſed only in Part; and the 
greater its ſpecifical Gravity is, the greater will the 
immerſed Part be; and the Body will not be at Reſt 
till the immerſed Part poſſeſſes ſuch a Space in the Fluid, 
that the Bulk of the Fluid which would fill that Space, 
ball weigh as much as the whole Body. For in another 
Caſe, the Solid does not act with the ſame Force 
upon the adjacent Parts of the Fluid, as the Fluid 
would act, if it ſhould take up the Place of the 
Body; therefore the Fluid and the Body can be at 
Reſt but in this Caſe _ (429.). 

* 4 
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466. It follows from this Propoſition, that the immerſed 
Parts of Bodies, ſwimming upon the Surface of the [ame 
Fluid, are to one another as the Weights of the Bodies. 
Therefore if the Gravity of the Body be changed, 

buy adding more Weight to it, the immerſed Part is 

467. changed in the fame Ratio; and the Parts which 
deſcend in the Fluid by the addition of ſeveral Weights, 
are to one another as theſe Weights (Exp.). 

468. In N'. 462, and 46;, it appears how a Body hea- 
vier than a Fluid, may be madeto ſwim in it; and 
by the ſame Method a Body lighter than a Fluid 
may be kept at the Bottom; in that Caſe, the Preſ- 
ſure of the ſuperincumbent Fluid is taken away, but 
here the Preſſure of the lower Fluid, whereby the 
Body is puſhed upwards, muſt be taken away. 


CHAP. IV. 
Of the Compariſon of the Denſities of Bodies. 


N the firſt Place I ſhall treat of the Denſities of 

Fluids. By comparing the Weights of equal 

469. Bodies, we diſcover their Denſities (442.). F there- 

fore any Veſſel be exattly filPd with a Fluid, and this 

Fluid be weighed, and you do the ſame with other 

Fluids, their Weights will be as their Denſities. But 

this Method in Practice is liable to ſeveral Diffi- 

culties. | 

470. When the Preſſures of two Fluids be equal, the 

Quantities of Matter in Columns, that have equal 

Baſes, do not differ (426.); and therefore the Bulks, 

that is, tbe Heights of the Columns, are inverſely as the 

Denſities (443.); and from hence may be deduced 

the Way of comparing them together. For if there 

be different Fluids at Reſt in Tubes that communi- 

cate with one another, the Preſſures will be equal; and 

if the Heights of the different Fluids be meaſur'd, 

the Ratio of their Denſities will be had; and the 

Heights will be the fame, when the Tubes have un- 
equal Diameters (Exp.). 

Alſo, the Denſities of Fluids may be compar'd 

471, together, by immerging a Solid in them; * 45 
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Solid lighter than the Fluids to be compared, be immer- 
ged in different Fluids, the immerged Parts will be 
inverſely as the Denſities of the Fluids; for, becauſe 
the ſame Solid is made uſe of, the Portions of the 
different Fluids, which in every Caſe would fill up 
the Space poſſeſſed by the immerſed Part, are of the 
ſame Weight (465.); therefore the Bulks of thoſe 
Portions, that 1s, the immerſed Parts themſelves, 
are inverſely as the Denſities (443.) (Exp.). 

The beſt Method of any, is by Means of a Solid 
heavier than the Fluids. When the ſame Body is im- 42. 
merged in different Fluids, the Weights, which it loſes in 
the Fluids, are to one another as the Denſities of the 
Fluids. (454. 442.). (Exp.). 

The Denſities of Solids may be found out by 
weighing them in a Fluid; in all Homogeneous 
Bodies, their Denſities are in the Ratio compounded 
of the direct Ratio of their Weights, and of the 
inverſe Ratio of their Bulks (446.); and fo by di- 473. 
viding the Weights by the Bulls, you will have the 
| Denſities, that is, you will have Numbers, which 
are to each other as thoſe Denſities. 

The Weights of all Bodies may be compared by 
Means of the Balance; the Bulls are found by weigh- 47 4. 
ing the Bodies in the ſame Fluid; for the Weights 
which they loſe are as the Bulks (458.). (Exp.). 

If a Body, whoſe Denſity is required, be ſuſpend- 475. 

ed in a Fluid lighter than it ſelf, the Weight loſt in the 
Fluid may alſo be found out. For the Part of this 
Body, which is immerged by that Suſpenſion, is 
22 to the Weight wherewith a Body 
ighter than the Fluid preſſes (467.)z that is, the 
ſame is in proportion to the Weight of the Body 
immerged in the Fluid, whoſe Denſity is ſought; ſo 
that by this Method, the Weight of the Body in 
the Fluid may be found out; and therefore the 
Weight loſt in the Fluid. (Exp.). But this Weight loſt 
is more exactly found out by the Balance. 

This Compariſon of the Denſities of Bodies has 
ſeveral Uſes, one of which I ſhall mention. * 
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476. If a Mixture of two known Metals be given, to 
determine how much of each Metal is contain'd in 
that Mixture, when the Denſities of the Metals 
and of the Mixture are given. 

Plate VI. Let AB, AD be the Denſities of the Metals; and 
Fg.6. AC the Denſity of the Mixture: Alſo let A L and 
LI be as the Bulks of the firſt and ſecond Metals in 
the Mixture. Let us ſuppoſe the Rectangle ABEI 
to be formed, and the Lines CG, DH, FL to be 
drawn parallel to the Sides. 
The Weight of the firſt Metal in the Mixture 
may be repreſented by the Rectangle AF (444.)z 
and in this Caſe the Rectangle LH repreſents the 
Weight of the ſecond Metal, and the Gnomon 
ABFMHIA is the Weight of the whole Mix- 
ture: this alſo is expreſs'd by the Rectangle A C 
GI (444.);z which therefore is equal to the Gnomon 
aforeſaid. | 
The common Gnomon AC NM HI being ta- 
ken away from each, and there remains the equal 
Rectangles BN, NH; and if DE be drawn, k 
it will paſs through the Point N (43. 1. Elm.) . 
Therefore DH or AI is to NG or LI, as HE ; 
477. is to GE; that is, the Bulk of the Mixture is to the 
Bulk of the ſecond Metal in the Mixture, as the Diffe- 
rence of the Denſities of the firſt and ſecond Metals is 
to the Difference of the Denſities of the firſs Metal, | 
aud that of the Mixture. | 
473. And the Weight of the whole Mixture is to the 
Weight of the ſecond Metal in the Mixture, in the Ra- 
tio compounded of the Denſities of the Mixture, and 
of the ſecond Metal, and of the Ratio of the Bulk 
of the Mixture, to the Bulk of the ſecond Metal in 
the Mixture (444.); that is, as the Product of the Den- 
fity of the Mixture, by the Difference of the Denſities of 
the Metals, is to the Denſity of the ſecond Metal drawn 
into the Difference of the Denſities of the firſt Metal 
and of the ſecond. 
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BOOK II. 


Part II. Of the Motion and Reſiſtance of 
| Fluids. 


CHAP. V. 


Of the Velocity of 4 Fluid arifing from the 
Preſſure of the ſuperincumbent Fluid. 


s 5 HE lower Fluid is preſſed by the upper Fluid, 
and this Preſſure is equal and in all Di- 
rections (428.), and the Fluid has an equal Endea- 
vour of moving every Way (175.): Therefore if479. 
the Preſſure be taken away on one Side, the Fluid moves 
towards that Side; and which Way ſoever the Preſſure 
is taken away, the Fluid will move with the ſame Ve- 
locity; which is confirmed by Experiments in the 
Chapter concerning ſpouting Fluids. 

The Velocity is alſo the ſame every where at the 
ſame 22 becauſe of the Equality of the Preſ- 
ſure (426. 427); but when the Preſſure is changed, 
the Velocity will be changed. 

I fay that this Velocity is communicated by Preſ- 480. 
ſure, and the Particles do not acquire it by falling ; 
for the firſt Particles that flow out, do move no 
ſlower than thoſe that follow them. Moreover, 
there are ſome Particles that flow out in deſcending, 
and others that flow out ſide-ways; and a Particle 
is moved by the Preſſure of all the circumambient Par- 
ticles, thoſe excepted. that are firſt in Motion; and 
ſo a Particle that deſcends, ought not to move 
ſwifter than the ſuperincumbent Particles from 
which it is immediately ſeparated; but it acquires its 
Velocity chiefly by < Preſſure of the lateral Par- 
ticles, and this Preſſure continues till the Particle is 
ſeparated from the reſt, and others fill up the Space 
which was poſſeſs'd by it, and no longer; for it 
cannot be accelerated by the Particles immediately 
following it. Therefore the Action of the Fluid 

I upon 
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upon the Particle, by which Action the Velocity is 
communicated to the Particle, depends upon ſuch a 
deſcent of the Particles, by which the Space taken up 
by the Particle is filled. And this Deſcent, if A be 
the Particle moved, whoſe Diameter is 4e (however 
ſuppoſed) is the ſame as the Deſcent of the whole 
Column BC to the Depth de, ſuppoſing C to beat 
the Top of the Fluid; and all the Force acquir'd in 
this Deſcent, is ſpent in the Action upon the Par- 
ticle moved, to which therefore there is a Force 
communicated equal to that which the Column B C 
acquires in deſcend ing through de, and this Force 
is equal to that which the Particle would acquire in 
falling from the Height CB (308.) 


481. Hence it follows, that a Fluid will flow out of a 


Hole, by the Preſſure of the ſuperincumbent Fluid (for 
from this does the lateral Preſſure proceed too) with 
that Velocity, which a Body would acquire in falling 
fromthe upper Surface of the Fluid to that Hole. (Exp.) ; 
for every Particle moves with that Velocity: Sup- 
poſing, nevertheleſs (as we do in this Demonſtration) 
the Coheſion of the Parts to be nothing, which altho? 
ſmall, yet in many Fluids it is obſerved ; and by this 
Cohefion the Particles are kept from flowing out, and 
by that Means are retarded. But beſides this Retar- 
dation, proceeding from the Fluid it ſelf, the Velo- 
cities of the Fluid is diminiſh'd, from ſeveral exter- 
nal Cauſes, concerning which we ſhall ſpeak in the 
next Chapter. 


482. Suppoſing that there are no Retardations, the Squares 


of the Velocities, by which the Fluid flows out of diffe- 
rent Holes, are to one another as the Height of the 
Fluid above theſe Holes (481. 186.). It is alſo mani- 
feſt from Experiments, that the Retardations do but 
a very ſmall matter cauſe a Variation of this Pro- 
— when the Heights do not exceed 30 or 35 

eet, In leſſer Heights we ſhew this Proportion by 
Experiments, (Exp.) 
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CH AP. VI. 
Of Spouting Fluids. 


A with that Velocity, by which it would come 
up to the upper Surface of the Fluid (481. 193.) yet it 
never comes up to that Height, and that for ſeveral 
Cauſes, beſides the Coheſion of Parts above-men- 
tion'd (481.). 1. The Velocity by which the Fluid 
aſcends is diminiſhed every Moment, and the Column 
of the ſpouting Fluid conſiſts of Parts, which are 
moved to different Heights by a different Velocity : 
All the Parts of a Column, which is every where of 
the ſame Thickneſs, are neceſſarily moved with the 
ſame Velocity ; therefore the aforeſaid Column be- 
comes broader every Moment, as the Velocity of 
the Fluid diminiſhes; which ariſes from the Impulſe 
of the Fluid that follows, and which from the Na- 
rure of a Fluid yields to every Impreſſion; and is 
ealily moved every Way ; by that Impreſſion the 
Motion is retarded every where. 

2. This Motion alſo is diminiſh'd by the Fluid, 
becauſe when all its Motion 1s loſt, it ſticks in the 
upper Part of the Column, and is ſuftain'd for a 
Moment by the Fluid which follows, becauſe it 
flows off Side-ways, which retards the Fluid that 
follows it, and that Retardation is communicated to 
the whole Column. | 

3. The Celerity of the ſpouting Fluid is lefſen'd 
by the Friction againſt the Sides of the Hole, 
which Friction increaſes when the Fluid is, carried 
through Pipes and Cocks. 

- 4. The Reſiſtance of the Air ſtops the Motion of 
luids. 

The firſt Cauſe above-mention'd of the Retarda- 


tion, cannot be corrected. 
The Second is corrected by ſomewhat inclining 
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Fluid ſpouting upright out of a Hole, ariſes up 483. 


the Direction of the Fluid, as is ſelf-evident ; and ,g, 


this is the Reaſon why @ Fluid riſes higher, when its 
T Direftion 
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Direction is a little inclined to the Horizon, than when 

it ſpouts upright (Exp.). 

We are to obſerve, as to the third Cauſe of the Re- 
tardation, that there is a greater Friction in propor- 
tion in ſmall Holes, than there is in great ones; 
the Circumference, wherein is the Friction, increaſes 
as the Diameter, and the Hole itſelf as the Square 
of the Diameter (2. 12. Elm.); and the Quantity 
of the ſpouting Fluid is augmented more than the 

485. Friction. Allo it is evident that the Friction in- 
creaſes with the Velocity, and therefore the Holes 
muſs be increaſed according to the Height of the ſpouting 
Fluid, that ſo while the Friction is increaſed by one 
Cauſe, it is leſſen'd by another. | 

The Ends of the Pipes, from which the Fluid 
ſpouts out, have commonly the Figure of a trun- 
cated Cone, in which End the Fluid ſuffers much 
Friction, moves irregularly, and _ up with that 

486. Irregularity. This may be remedied by covering the 
End of the Pipe with a flat poliſhed Plate, having a 
Hole in it, whoſe Sides alſo ought to be very well 
poliſhed, for then the Fluid ſpouts higher ; and be- 
cauſe it riſes with a Motion intirely regular, it is 

per ſectiy tranſparent. 

487. The Pipes that convey Water from a Reſervoir, 
muſt be very wide, in reſpect of the ſpouting Hole; that 
the Water may move ſlowly in theſe Pipes, and 
have no ſenſible Friction. 

488, The Reſiſtance of the Air has a ſenſible Effect upon 

the Motion of the Fluids As all Bodies reſiſt Motion, 

and the ſpouting Fluid acts upon the Particles of the 

Air, the Motion of the Fluid is retarded by the 
Re- action of theſe Particles (331.). 

Beſides this Reſiſtance, there is another too (not 
to be paſs'd by) viz. the Action of the Air upon 
the ſpouting Fluid. That the Air has the Pro- 
perties of Fluids, we ſhall ſhew in the Part next 
following : This encloſes the whole Column of the 
ſpouting Fluid, and reſiſts that Part of its Motion, 
by which it ſpreads itſelf wider; and there is a ___ 
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Force requir*d of the Fluid that follows, than if this 
Reſiſtance was taken away; the Air therefore reſiſts 
by its lateral Preflure. 

The Reſiſtance from the Stroke of the Fluid upon 
the Air, increaſes in Proportion to the impingent 
Surface; that is, if the r be the ſame, it in- 
creaſes in Proportion to the Hole; in which Pro- 

rtion alſo the Quantity of Matter moved increaſes; 
and for this Reaſon, it matters not how big the 
Hole is. | | 

T he Side Preſſure follows the Proportion of the Sur- 
face of the Column ; the Matter moved, which when 
the Velocity is the fame, is in the Ratio of its Force 
of Activity or Quantity of Motion (303.), follows 


the Proportion of the whole Column, that is, of 


the Square of its Surface : Therefore if the Hole be 
increaſed, the Force of the Fluid increaſes faſter than 


127 


the Cauſe retarding it; wherefore in the great Heights 489. 


of /pouting Fluids, that the Side-Preſſure (which ex- 
erts a greater Action the longer ĩt acts) may be the 
better overcome, greater Holes are requir'd; which 
we have already ſhewn from another Cauſe to be 
wanted in the ſame Caſe (485.): In which Place, as 
well as here, we ſuppoſe great Holes to be neceſſary 


only for great Heights, though the Demonſtrations 


prove that theſe Holes, abſolutely neceſſary for great 
Heights, are generally to be preferred to others. 


Great Holes alſo hinder the Motion ; for, 1. there 490, 


is a greater Surface, which 1s preſſed upon by the 
higheſt Part of the Fluid, and has loſt all its Mo- 
tion, and ſtays on there a longer Time before it runs 
off down the Sides. 2. Not only the Fluid, which 
is directly againſt the Hole, runs out, but that there 
may be a conſtant ſupply, the adjacent Fluid comes 
towards the Hole with an oblique Motion, and 
ſpouts out with a com Motion, by which the 
Motion of the ſpouting Fluid is diiturbed ; and in 

eat Holes, the greater is the Diſturbance ariſing 

m this Cauſe, | * 
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In leſſer Holes, the Retardations which pre- 
vail are corrected by augmenting the Hole; 
the Hole may be ſo augmented, that theſe Retar - 
dations take place and increaſe upon augmenting the 


491. Hole. Therefore in all Heights there is a certain 


492- 


| * fo many Cauſes, nor ſo much as thoſe that ſpout upright. 


Meaſure of the Hole, through which the Fluid will 
riſe to the greateſt Height poſſible. Vet there cannot 
be given any Rules to determine the Diameter of the 
Hole, becauſe the bigneſs of the Pipes through 
which the Water is conducted, and their Bendings 
and Incqualities require that Hole to be different, ſo 
that there may be a Variation ad [nfinitum. | 

But it is to be obſerv'd, that the Bigne/s of the 
Hole, and alſo the Height to which the Fluid can aſcend, 
have their Limits, which they cannot exceed. 

For when the Velocity of the Fluid is too great, 
it ſtrikes the Air with ſo much Force, that it is diſ- 
perſed into Drops; in which Caſe, by leſſening the 
Velocity, the Height to which the Fluid ſpouts 
will be increaſed, and the greateſt Height of all to 
which a Fluid can aſcend, is various in different 
Fluids; and this greateſt Height in ſpouting Water, 
does ſcarcely exceed 100 Feet; and in this Caſe the 
Diameter of the Hole is little more than one Inch 
and a Quarter. 


Fluids which ſpout obliquely, are neither retarded from 


The ſecond Cauſe of the Retardation before-men- 
tion'd (463.), has no Place here, and the Effect of 
the firſt is leſs. As for the reſt, we may here ap- 
ply what has been faid in the 17th Chapere of 
Book I. concerning Solids obliquely projected, and 
the Fluid ſpouting out may be conſider d as innumerable © 
Solids following one another, and moving the ſame Space. 
In the Motion of the Fluid, the Way gone through 
has a ſenſible Perception; and what has been ſaid of 
Solids projected obliquely, may be - examin'd 
experimentally, by Means of Fluids. In the Perfor- 
mance of which, Quickſilver muſt be uſed, _— 


of the Newtonian Philoſophy. 129 
of the great ſpecifical Gravity of this Fluid, with 
Refpedt to chat of other F mid, (Exp.). 

By the ſame Method, as we do by a Circle deter- 
mine the Diſtance to which Bodies projected ob- 
liquely will fall (24 1.), we may find the Diſtance to 
which a Fluid ſpouts out of a Hole in the Side of 
a Veſſel, when the Veſſel ſtands upon a horizontal 
Plane; that Diſtance varies according to the Height 
of the Hole, when the upper Surface of the Fluid 
remains the ſame. | 

Let AB bethe Height of a Veſſel filPd with a Fluid; 495. 
let this be divided into two equal Parts at C; from Pare VI. 
the Centre C, and with the Radius CA deſcribe a H. 3- 
Semicircle; let the Hole be at E: then draw ED 
perpendicular to AB, terminating in the Circum- 
terence of the Circle at D. - Let the Fluid ſpout from 
E to F in the horizontal Plane, and the Diſtance BF 
will be twice tbe Perpendicular E D. 

To demonſtrate which, we muſt conſider that the 496, 
Fluid, with an equable Motion, and that Velocity | 
it has when coming out of the Hole, would move 
through the Space BF, in the Time that a Body 
would fall from E to B (234.). In all Motion, the 
Space moved through is in a Ratio compounded of 
the Velocity and the Time (59.); and this multi- 
plied by that, gives the Space moved through; that is, 
if you apply this Operation to different Motions, 
Quantities will be had that will expreſs the Spaces 
moved through. If you compute the Squares of the 
Velocities, and of the Times, the Ratio of the 
Squares of the Spaces gone through will be had. 
Here AE expreſſes the Square of the Velocity (482. ); 
and EB the Square of the Time (186.); therefore 
the Product of thoſe Lines, expreſſes the Square of 
the Space B F gone through: But that Product is the 
Square of the Line ED (13. and 17. 6. Elm.); which 
therefore, upon changing the Hole, mcreaſes and di- 
miniſhes in the ſame Ratio as the Diſtance BF. 
When the Hole is in the Centre C, the Diſtance 
BG to which the Fluid ſponrs, all Retardations ex- 

88 : K cepted, 
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cepted, is equal to BA (48 1. 188.), and is double 
the Pependicular, which may be drawn from C to 
AB in the Semicircle ; which therefore obtains in all 
Holes, and E D will be half BF. 

Hence it follows, that a Fluid ſpouting from a Hole 
in the Centre C, will go to the greateſt 
ble (Exp.). 

It is moreover manifeſt from what has been ſaid, 
that the Fluid ſpouts to the ſame Diſtance from the 
Holes E, e, equally diſtant from the Centre C; becauſe 
in that Caſe, the Perpendiculars ED, ed are equal. 
(Exp.) 


CHA . Vn. 


Of a Fluid flowing out of a Veſſel, and of 
the Irregularities in that Mot ion. 


HE Quantity of a Fluid, which flows from a 
T given Hole in a given Time, increaſes in pro- 
portion to the Velocity of the Fluid going out: This 
depends upon the Height of the Fluid above the 
Hole; and it is no matter to what Part the Motion 
of the Fluid is directed (479.); and all Retardations 
excepted, the Squares of the Duantities flowing out, are 
in the Ratio of the Heights of the Fluid above the 
Hole (482.). 

In the Time in which a Body falling freely goes 
through the Height of the Fluid above the Hole, a 
Column of the Fluid, when all Retardations are ex- 
cepted, flows out equal in Length to twice that 
Height (481. 188.). The Hole itſelf is the Baſe 
of the Column, and is given: If the Height of the 
Fluid above the Hole be known, the whole Column 
is known, the I ime allo is eafily found by Experi- 
ments (218.); and the _ flowing out in a 
known Time being had, the Quantity running out 


in any given Time, may from thence be found. 
But the Quantity of the Fluid, found out by this 
Compuration, very ſenſibly exceeds that which really 
flows out; and what is moſt obſervable is, that the 
Experiments 


iſtance poſſi- 
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thoſe about the Quantities of the Fluids flowing out of 
Holes in a certain Time, are not the leaſs mutual or 
reciprocate ;, and this Quantity cannot be determined 
from a known Velocity. 
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Experiments which are made about the Velbcities, and 502. 


That Part of the Fluid which runs out near the 503, 


Sides of the Hole, ſuffers a Reſiſtance, and is re- 


tarded, which Retardation that Part of the Fluid 
running out through the Middle of the Hole does 


not ſuffer ; indeed this Part is retarded by that late- 
ral Part which it hangs to; but the Parts of a Fluid 
eaſily move among themſelves; and this Retardation 
is ſmall in Reſpect of the other; conſequently the 
lateral Part of the Fluid is retarded but a very little 
by the middle Part, and this moves continually fa- 
ſter than that z yet, nevertheleſs, the lateral Part is 
not ſeparated from the middle Part: For although 
the Parts of the Fluid eaſily move among them- 
ſelves, they are ſeparated from one another with 
more difficulty; therefore the middle Part of the 
Fluid, by its continual Flux, carries the lateral Part 
along with it, which, though it moves ſlower, they 
both reach to the ſame Diſtance or Height. 

The Judgment is formed of the Velocity by the 
Height and Diſtance; but the Velocity which is 
thus determined, wants a ſmall matter of the Velo- 
city, by which the Fluid runs our through the mid- 
dle of the Hole; becauſe this is retarded in its whole 
Motion by the lateral Part of the Fluid, and by 
other Cauſes too. But the Velocity thus determin'd 
does much more exceed the Velocity of the lateral 
Part of the Fluid, as it follows from the Explana- 
tion; if therefore any Body aſcribes a determinate 
Velocity to the whole Fluid running out, from thence 
he will get a Quantity of the Fluid flowing out, 
that will exceed the true Quantity; yet it will not 
ſo much exceed the true Quantity, as if he ſup- 
poſed all the Retardations in determining the Velo- 
city, and makes his Computation according to the 
Rule mention'd in Ne 500. 5 
K 2 | And 
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And it is manifeſt from Experiments, that the Quan- 
tities of Water which flow out of equal Holes in a given 
Time, if the Water be convey'd through wide Pipes, 
and flows through a Hole in a Plate, is in a Ratio 
but a [mall Matter differing from the ſubduplicate Ratio 
of the Height of the Water above the Hole; and this 
ſubduplicate Ratio may be uſed in any Computa- 
tions without any ſenſible Error, if any previous 
Experiment made about the Waters flowing out, 
ſerves as a Foundation of the Computation. But 
fince this Ratio is not exact, the Rule does not take 
place, when the Altitudes differ much. 

If the Holes differ, and the Height remains the ſame, 
the Quantity of the Fluid flowing out in a determinate 
Time, is in the Ratio of the Hole, if the Fluid moves 
with the fame Velocity in all Points of the Hole; 
which though it does not, yet it is manifeſt, by Ex- 
periments upon Water, that the Quantities flowing 
really out do not much differ from the Proportion 
above. 

When all Things remain the ſame, it is manifeſt that 
the Duantities which flow out are as the Times : Therefore 
theſe Quantities in general, are in the Ratio compounded of 
the Times, of the Holes (505.), and of the Square Roots of 
the Height of the Fluid above the Hole (504.). 

In Veſſels which are ſupplied by the flowing in 
of the Fluid, the Velocity of the Fluid flowing out 
s continually changed, to which you are to have 
regard -— wn the Times in which different Veſſels are 
emptied. 

"Here we ſuppoſe the Veſſels to be Cylindrical ; 
and what we ſay may be applied to any Veſſels that 
have the ſame Bigneſs from Top to Bottom; we 
ſuppoſe the Fluid to flow out from a Hole in the 
Bottom. | 

The Times in which cylindrical Veſſels of the ſame 
Diameter and Height are emptied, when the Fluid flows 
through unequal Holes, are to one another inverſely as 
theſe Holes. 


Let us conceive theſe Veſſels to be divided into 
very {mall equal Parts, by Planes parallel to . 
Bale 3 
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Baſe; and that the Diviſions of each Veſſel do not 
differ from one another; ſince the Parts are exceed- 
ing ſmall, the Velocity in the Evacuation of one 
Part may be ſuppoſed not to alter. The Quantity 
of the Fluid flowing out of a Hole, when the Alti- 
tude remains the ſame, increaſes with the Hole, and 
a determinate Quantity of the Fluid flows out ſo 
much the ſooner as the Hole is greater; and the 
Time of flowing out decreaſes in the Ratio of the 
Hole. As the correſpondent Parts of the Veſſels 
are emptied, the Heights are equal; alſo thoſe Parts, 
and ſo the Quantities of the Fluid that flow out 
are equal : Therefore the Times are in the inverſe 
Ratio of the Holes; and fince this is fo in all 
the correſpondent Parts, it muſt be referred to the 
Times of the whole Evacuations of the Veſſels 
(12. 5. Elm.), 
When the cylindrical Pefſels are unequal, and have 508. 
the ſame Height, they are emptied through equal Holes, 
in Times that are to one another as the Baſes of the 
Cylinders, Let the Veſſels again be ſuppoſed to be 
divided into very ſmall Parts equal in Number in 
each Veſſel : The Fluid of the correſpondent Parts 
flows out through equal! Holes, this being elevated 
to the ſame Height in each Veſſel; therefore the 
Quantities that flow out are as the Times; fo that 
the correſpondent Parts themſelves are in that Ratio 
of the T imes, which are as the Baſes of the Cylinders : 
But the Times of the whole Evacuations are as the 
Times in which the correſpondent Parts are evacu- 
ated (12. 5. Elm.). | 
Laſtly, Let there be two cylindrical Veſſels EI, 509. 

AD, whoſe Baſes are equal, and Heights different; Plate VI. 
for Example, as 1 to 4; and let theſe be emptied thro hy 
equal Holes, Let theſe alſo be ſuppoſed to be divided 
into very ſmall Parts Hz, Cd, by Planes parallel to 
the Baſe ; and let the Number of thefe Parts in each 
Veſſel be equal ; theſe Parts will be to one another 
as the Veſſel themſelves, or as 1. to 4. each Part is 
emptied by an equable Motion, becauſe they are 
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Plate VI. 


Fg. 9. 
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very ſmall: The Velocities in the correſpondent 
Parts are every where as 1 to 2 (481.), becauſe the 
Heights of theſe Parts above the Paſes, are as the 
Heights of the Veſſels, which are as the Squares of 
theſe Numbers. Where it follows, that the Times 
in which the correſpondent Parts are emptied, are 
alſo to one another as one to two; becauſe in twice 
the Time with a double Velocity, a quadruple 
Quantity is empried. But ſince the Times are in 
the ſame Ratio for every correſpondent Part, alſo 
the Times in which the whole Veſſels are emptied, 
are as one to two. If the Veſſels be to one another 
as 1 to 9, by a like Demonſtration, you will find 
the Times are as 1 to 3; and in general the Times 
are as the Velocities by which the correſpondent 
Parts are emptied 3 the Squares of which Velocities 
are as the Heights of the Veſſels (482); in which 
Ratio therefore are the Squares of the Times. (Exp.). 

The Times in which any cylindrical Veſſels are emptied, 


are in the Ratio compounded of their Baſes (508.), of 


the inverſe Ratio of the Holes (507.), and of the ſquare 
Roots of the Heights (509.). 

A cylindrical Veſſel may be ſo divided, that the 
Parts intercepted between the Diviſions may be emptied 
in equal Times, which will happen if the Diſtances of 
the Diviſions from the Baſe be as the Squares of the 
natural Numbers ; for the Times of the Evacuations 
of the Veſſels, whoſe Heights are in this Propor- 
tion, are as the natural Numbers (509.); and the 
Differences of the Times are equal. 

The Time in which a cylindrical Veſſel is 
emptied, is as the Velocity by which the Fluid be- 
gins to flow out (482. 509.); therefore while the 
Fluid deſcends in the Veſſel, the Velocity diminiſhes 
in the ſame Ratio with the Time of the run- 


ning out of the Fluid remaining in the Veſſel; and 


the Motion of @ Fluid, flowing out of a cylindrical Veſſel, 
is equally retarded in equal Times. 
If through equal Holes à Fluid flows out of a cylin- 


ericel V. cel, and out of another Veſſel of the ſame 


Height, 
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Height, in which the Fluid is always ſo ſupplied as to 
be kept at the ſame Height, there flows out twice as 
much Water from that other Veſſel, as from the cylin- 
drical Veſſel. For becauſe the Heights of the Veſſels 
are equal, the Velocities at the Beginning are equal ; 
the Velocities of the Fluid running out of the Veſſel, 
which is always kept full, is equable ; the Velocity 
of the Fluid running out of the cylindrical Veſſel is 
equably retarded (512,) : Therefore while the cylin- 
drical Veſſel is emptying, there will flow twice as 
much Water out of this, as out of the cylindrical 
Veſſel. Por if two Bodies are driven with the ſame 
Velocity, and the firſt moves on with an equable 
Motion, but the Second with a Motion equally re- 
tarded, and they move till this has loſt all its Mo- 
tion, the firſt will run in that Time a Space double 
of the Second (188. 190. 191.)z here the Fluid which 
runs out may be taken for the Space moved through, 
becauſe the Holes are equal. 
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We have obſerv'd above, that the Coheſion of 514. 


the Parts of the Fluids do retard their Motion, but 
on ſeveral Occaſions we obſerve the contrary ; and 
though the Velocity ariſing from the Preſſure is the 
ſame towards all Parts, yet the Fluid moves ſwifteſt 
of all in its vertical Deſcent ; the Motion of it is 
continually accelerated as it falls; ir ſticks to the 
Fluid following it, and, as it were, draws the fame 
after it, and the Velocity of the Fluid running 
out of the Veſſel is augmented. 

I ſhall obſerve a few things about Water, becauſe 
Experiments have been made with it, although theſe 
may be applied to other Fluids, and will be more 


ſenſible in glutenous Fluids, concerning whick not- 


withſtanding we ſhall be here ſilent. 


The Motion out of a Veſſel, that bas a Tube fixed 10515. 


its under Side, is accelerated. | 


Let Z be ſuch a Veſſel equal and ſimilar to the ?/are VI. 
Veſſel X, and which together with the Tube makes **-9- 10 


up the Veſſel Y ; let the Tubes have the Holes at 


both Ends equal to the Holes in the Bottoms of the 


K 4 Veſſels 
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Veſſels X and ; fill the Veſſels X, Y, Z with 
Water. In the Beginning of the Motion the Water 
flows from the Veſſels X and Z with an equal Ve- 
locity, becauſe a greater Quantity of Water cannot 
flow out from the Tube than what enters into the 
Tube through the upper Hole; into which Hole 
no more Water can run, than what can flow out of 
the Veſſel X; but the Water that deſcends in the 
Tube is accelerated; and ſince it fills up the whole 
Cavity of the Tube, it draws the Water ſollowing 
after it more than it there was no Tube, for then 
the , lumn of the Water flowing out continuall 

grows narrower. But the Water running throu h 
the Lie, whilſt it accelerates that which follows, 
is retarded by it; therefore the Quantity of Water, 
which runs out of the Veſſcl Z ina certain Time, 
is a Mean between the Quantities of Water that can 


run out of the Veſſels X and Y in the ſame 
Time (Exp.). 


516. Let the upper Holes of the Tube, by which it com- 


municates with the Veſſel, remain the ſame, and the lower 
Hole be opened wider ; then a greater Quantity of Water 
will flow out, and the Water which goes into the Tube 
will be more accelerated. This Hole may be made ſo 
wide, without altering the Length of the Tube, that 
a greater Quantity of- Water ſhall flow from it than 
from the Veſſel Y. In that Caſe there flows out a 
greater Quantity of Water through the upper Hole 
of the Tube, at a ſmall Depth below the Surface of 
the Water, than from an equal Hole at four times 
the Depth; the fame may be done by applying a 
longer Tube, without widening its lower Hole (Exp.). 

And there are many other T hings obſerved worth 
Notice in the Motion of the Water depending upon 
the Coheſion of the Parts: The Water agitated is 
rot mixed with the other Water which takes a diffe- 
rent Direction, though they both move towards 
each other, and preſs one another while they borh 


run through a narrow Paſſage in that Place where 
they mcer, 


Let 
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Let two Tubes, A B, D E, cut one another at right Plate VL 
Angles in ſuch manner, that the Axis of the one“ '*: 
touches the Circumference of the Cavity of the other, 
then the Cavities in part do coincide in CO: The 
Water will directly paſs chrough each of the Tubes 
in the ſame Time Exp.). 

Even alſo if the Paſſages where the Tubes interſect 518. 
one another, do coincide each Water in its Motion 
towards che other benus its Paſſage, and yet the 
Waters will have no ſenſible Mixture. 

When the Cavities of the Tubes AB, DE do 
coincide in C, the Axes of both the Tubes being in 
the ſame Plane, if Water in the ſame Time enters 
ſwiftly through the Tubes A and D, it will take 
its Courſe along A CE, DCB (Exp.). 


CH AF. VII. 
Of the Running of Rivers. 


DEFINITION I. 


ATER that runs by its own Gravity in 4519. 
Channel open above, as A FE, is called a River. Plate VII. 


Fig. 1, 
DeriniT1on II. S 


A River is ſaid to remain in the ſame State, or £20. 
to be in a permanent State, when the Water flows 


uniformly, ſo as always to be at the ſame Height in the 
| ſame Place. 


DEriIxNITIOS III. 


The Plane which cutting 4 River is perpendicular to 52 1, 
the Bottom, and to the Direction of the Water in the 
middle, as pon q, is called the Section of a River. 

When a River is bounded by flat Sides parallel to 
one another, and at right Angles to the Horizon, 
and the Bottom be alſo a Plane, either horizontal or 
inclined, the Section of the River makes right An- 
gles with theſe three Planes, and 1s a Parallelogram. 

In every River that is in a parmanent State, the 522, 
[ame Quantity of Mater flows through every Section in 
the ſame Time. For unleſs there be in every Place 

I as 
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as great a Supply of Water as what runs from it, 
the River will not remain in the fame State; and 
this Demonſtration will hold , whatever be the 
Irregularity of the Channel, from which in another 
Reſpect ſeveral Changes in the Motion of the River 
ariſe; as for Example, a greater Friction in Pro- 
portion to a greater Inequality of the Channel. 

The Irregularities in the Motion of a River may 
be infinitely varied, and Rules cannot be given to 
ſettle them ; therefore we muſt examine the Courſe 
of Rivers, by ſuppoſing all Irregularities to be ſer 
aſide; for unleſs the Laws of the Motion be known 
in that Caſe, we have no certain Foundation for de- 
termining any Thing. 

We therefore ſuppoſe the Water to run in a re- 
gular Channel, without any ſenſible Friction, and 
that the Channel is bounded with plane Sides, u 
right and parallel to one another ; and alſo that the 
Bottom 1s a Plane, and inclined to the Horizon. 

Let AE be the Channel, into which the Water 
runs from a greater Receptacle or Head ; and let 
the Water always remain at the ſame Height ar the 
Head, that ſo the River may be in a permanent 
State. The Water deſcends along an inclin'd Plane, 
and is accelerated (195.); whereby, becauſe the 
{ame Quantity of Water runs through every Section, 


524. the Height of the Water continually leſſens as you re- 


525+ 


cede from the Head of the River, and the Surface of 
the Water acquires the Figure 125. | 

To determine the Quantity of Water in different 
Places, we muſt ſuppoſe the Cavity of the Channel 


AD BC to be ſhut up with a Plane; if a Hole be 


made in this Plane, the Water will ſpour the faſter 
through the Hole, as the Hole is diftant from the 
Surface of the Water hi; and the Water will have 
the ſame Velocity, as a Body would acquire in fall- 
ing from the Surface of the Water to the Depth of 
the Hole below it (481.)z which ariſes from the 
Preſſure of the ſuperincumbent Water. There is 
the ſame Preſſure, that is, the ſame moving Pw 

when 
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when the Obſtacle at AC is taken away, For we 
ſuppoſe the Receptacle to be ſo large, that in this 
Caſe the lateral Preſſure acts upon the Water run- 
ning into the Channel. 

Now every Particle of Water enters into the 
Channel with that Velocity, which a Body would 
acquire in falling from the Surface of the Water to 
the Depth of that Particle. This Particle moves 
along an inclin'd Plane in the Channel, and its Mo- 
tion is accelerated; and that in the ſame Manner as 
if in falling downright it had continued its Motion 
to the fame Depth below the Surface of the Water 
in the Head of the River (203.). 

If you draw the horizontal Line i t, the Particle 
at r will have the fame Velocity as a Body falling 
the Length i C, and running down Cr can acquire 
which is the Velocity acquired by the Body in fall- 
ing down tr. Therefore the Velocity of a Particle 526. 
may be every where meaſured, by drawing a Perpendi- 
cular from it to the horizontal Plane, which is conceiv*d 
10 coincide with the Surface of the Water in the Head 
of the River; and the Velocity that a Body acquires in 
falling down this Perpendicular, will be the Velocity of 
that Particle, which is greater the longer the Per- 
pendicular is, and it is not augmented by the Preſſure 527. 
of the ſuperincumbent Mater; which cannot increaſe 
the Velocity of the Water, which has a greater from 
elſewhere, than that which can ariſe from this Preſ- 
ſure: Juſt as one Body following another cannot 
make the Motion of the firſt any twitter. 

From any Point r draw the Perpendicular rs to 528. 
the Bottom of the River, meaſuring the Height of 
the River; becauſe rs is not horizontal, it Per- 
pendiculars be drawn from the ſeveral Points of this 
Line to it, theſe will be ſo much the ſhorter as they 
are diſtant from r, and the ſhorteſt will be 3 v; 
and ſo the Velocities of the Particles in the Line 5 
are ſo much the leſs, the nearer they are to the 
Surface of the River, and the lower Hater moves 529. 
faſter than the upper Mater. 


Bur 
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But yet the Yelocities of thoſe Haters as the Rives 
runs on, do nearer and nearer approach to an equality 
continually. For the Squares of theſe Velocities are 
as vt to gv, the Difference of which Lines, as you 
recede from the Head of the River continually 
leſſens, becauſe of the Height 7 5s, which is alſo con- 
tinually diminiſhed (524.), as the Lines themſelves 
are augmented. And as this obtains in the Squares, 
it will much more do fo in the Velocities themſelves, 
whoſe Difference therefore is leſſen'd as they in- 
creaſe. | 8 

If the Inclination of the Bottom be changed at 
the Head of the River, ſo as to become Zz, and a 
greater Quantity of Water flows into the Channel, it 
will be every where higher in the River, but the Velo- 
eity of the Water is no where alter'd : For this Ve- 
locity does not depend upon the Height of the Wa- 
ter in the River, but, as has been demonſtrated, from 
the Diſtance between the moved Particle, and the 
horizontal Plane running along the Head af the 
River; which Diſtance is meaſur'd by the Perpen- 
dicular 1: or 5v; and the Running of the Water 
does not change theſe Lines, provided the Water re- 
mains at the fame Height in the Receptacle. 

Let the upper Part of the Channel be flopped up by 
an Obſtacle as X, deſcending a little Way below the 
Surface of the Water; all the Water which comes 
cannot run through, therefore it muſt rife up; but 
this docs not alter the Velocity of the Water below 
this Cataract (531,), and the Water that comes on 
is continually heaped up; fa that ar laſt it muſt rife 
up and overflow the Obſtacle or the Banks of the 
River. But if the Banks be raiſed, and the Obſtack 
be continued, the Height of the Water would riſe above 
the Line it, for, before that, the Velocity of the 
Water cannot be increaſed: In which Caſe, the 
Height of all the Water in the Head will be in- 
creaſed ; for ſince the River is ſuppoſed to be in a 
parmanent State, there muſt be continually as much 
Water to ſupply the Head, as runs from it down 


the 
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the Channel; but if Jeſs Water runs down; the 
Height of that Head muſt neceſſarily be augmented, 
till the Velocity of the Water flowing under the 
Obſtacle be augmented ſo much, that the fame 
Quantity of Water ſhall run under the Obſtacle as 
uſed to run in the open Channel before. 

All theſe Things, as we have already obſerv'd, 
ſetting aſide all Irregularities, are true; and the leſs 
the Irregularities are, the more will the true Mo- 
tions agree with what we have ſaid ; concetning 
which, before we can make any Judgment, we m 

be able to compare the Velocities of Water by Ex- 
periments, and ſo determine the Velocities them- 
ſelves, that the Spaces moved through in a certain 
Time may be known; and theſe may be found out 
by the Aſſiſtance of what has been demonſtrated of 
the Actions of Fluids in the 10th Chapter. 
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Let AC B be a Quadrant divided into Degrees, 333. 
with a Thread in the Centre, and a Ball P hanging Ro VII. 
at the other End of the Thread heavier than the *#- 2. 


Water. 

Let the Ball hang within the running Water, 
holding up at the fame Time the Side C A of the 
Quadrant in a vertical Poſition ; the Ball will be fo 
far ſuſtain'd by the Motion of the Water, that the 
Thread PC will make the Angle PCA with the 
Side CA, which will ſerve to determine the Velo- 
city of the Water running againft the Ball. 

The Ball being at reſt in the Water, is drawn by 
three Powers; by its Gravity, it endeavours to de- 
ſcend vertically; by the Action of the Fluid, it is 
carried in the Direction of the Motion of the Water; 
and laftly, it is drawn by the Thread PC, Make 
the Triangle EFG, in which EF repreſents the 
vertical Line: Let FG make the Angle EF G 
with the Line, equal to the Angle which the Dire- 
ction of that Motion of the River makes with the 
vertical Line; and laſtly, let the Angle G EF be 
equal to the Angle PCA: The Sides of the Triangle 
EFG are parallel to the Directions of 8 
3 | owers 
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Powers abovemention'd ; therefore thoſe Powers are 
to one another as theſe Sides (152.): If then EF 
expreſſes the reſpective Gravity of the Ball, FG will 
expreſs the Action of the Water upon the Ball. If 
you make ſeveral Experiments in different Places 
with the ſame Ball, ſuch Triangles muſt be drawn, 
the Side E F remaining; which Side denotes the re- 
ſpective Gravity of the Ball, which never alters; the 
Sides as, F G, will he to one another as the Actions of 
the Water upon the Ball. But theſe are as the 
Squares of the Velocities of the Waters in the Places 
in which the Experiments are made, as we ſhall fee 
in the roth Chapter. . 

543. The Action of the Water againſt the Ball may be 
compar'd with the Weight; for the reſpective 
Weight of the Ball is as FG to EF. 

And the Weight found out by this Proportion, 
is the Weight of a Cylinder of Water, the Dia- 
meter of whoſe Baſe is the Diameter of the Globe, 
and the Height thereof is two third Parts of that 
from which a Body falling in a Vacuum acquires 
that Velocity by which the Water runs upon the 
Globe, which we demonſtrate in the 1oth Chapter 
too. Now if this Height be given, there will be 
given (if the Duration of the Vibration of any Pen- 
dulum of a known Length be given) the Space that 
the Water runs through in a given Time (218. 186. 
188.); and ſo alſo what Quantity of Water flows in 
a given Time through a Place given in the Section 
of the River. | 

535. Here it is to be obſerv'd, that the Determination 
of the Velocity of the Water, will not be ex- 
actly ſettled, if the Experiment be made near the 
Surface of the Water, becauſe there the Action of 

the Water upon the Ball is irregular. This Velocity 
may be determin'd by immergiag a Body in Water, 
which 1s but a little lighter than Water, and which 
ſwimming at the Surface, does not float ſo high 

above it as to be affected by the Motion of the 

Wind; fince the ſpecifical Gravitics of the ww 
. an 
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Powers abovemention'd ; therefore thoſe P are 
to one another as theſe Sides (152.): If then EF 
expreſſes the reſpective Gravity of the Ball, FG will 
expreſs the Action of the Water upon the Ball. If 
you make ſeveral Experiments in different Places 
with the ſame Ball, ſuch Triangles muſt be drawn, 
the Side E F remaining; which Side denotes the re- 
ſpective Gravity of the Ball, which never alters; the 
Sides as, F G, will he to one another as the Actions of 
the Water upon the Ball. But theſe are as the 
Squares of the Velocities of the Waters in the Places 
in which the Experiments are made, as we ſhall ſee 
in the roth Chapter. 5 

The Action of the Water againſt the Ball may be 
compar'd with the Weight; for the reſpective 
Weight of the Ball is as FG to EF. 

And the Weight found out by this Proportion, 
is the Weight of a Cylinder of Water, the Dia- 
meter of whoſe Baſe is the Diameter of the Globe, 
and the Height thereof is two third Parts of that 
from which a Body falling in a Vacuum acquires 
that Velocity by which the Water runs upon the 
Globe, which we demonſtrate in the roth Chapter 
too. Now if this Height be given, there will be 
given (if the Duration of the Vibration of any Pen- 
dulum of a known Length be given) the Space that 
the Water runs through in a given Time (218. 186. 
188.); and ſo alſo what Quantity of Water flows in 
a given Time through a Place given in the Section 
of the River. | 

Here it is to be obſerv'd, that the Determination 
of the Velocity of the Water, will not be ex- 
actly ſettled, if the Experiment be made near the 
Surface of the Water, becauſe there the Action of 
the Water upon the Ball is irregular. This Velocity 
may be determin'd by immergiag a Body in Water, 
which is but a little lighter than Water, and which 
ſwimming at the Surface, does not float fo high 
above it as to be affected by the Motion of the 
Wind ; fince the ſpecifical Gravities of the Wing 

9 | 
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and Body ſcarcely differ at all, and this Body may 
be looked upon as wholly immerſed, it will be 
moved with the ſame Velocity as the Water, and by 
help of a Pendulum you may meaſure the I ime in 
which a Body runs through a certain Space that was 
meaſured before. When the Surface of the Water 
is agitated by the Wind, the Experiment will not 
ſucceed well, becauſe of the Motion of the Waves, 


which cauſe an Irregularity in the Motion of the 
Body. 


CHAP. IX. 

Of the Motion of Waves. 
T* HE Surface of Water, when at Reſt, is 536. 
plane and parallel to the Horizon (42 5.) ; te IV. 
if it becomes hollow at A by any Cauſe whatſoever, Pig 1+ 
this Hollow is ſurrounded with the Elevation BB: 
This elevated Water deſcends by its Gravity; and 
with the Velocity acquir'd in 2 it forms a 
new Cavity; by which Motion the Water aſcends 
at the Sides of this Hollow, and fills the Cavity A, 
whilſt there is a new Elevation formed towards C; 
and when this laſt is depreſſed, the Water ariſes a- 
new towards the ſame Part; whence there ariſes a 
Motion in the Surface of the Water, and a Cavity, 


which carries an Elevation before ic, moves from A 
towards C. 


| 
: 
1 
| 


DeriniTrion I. | 
This Cavity, with the Elevation next to it, is called 4537. | 
Wave. 
DEFINITION II. | 
The Breadth of a Made is the Space taken up by 4 538. 
Wave in the Surface of the Water, and meaſur d ac- 
cording to the Direction of the Waves Motion. 
The Cavity, as A, is encompaſſed every Way with 
an Elevation, and the Motion, above-mention'd, ex- 
pands itſelf every Way; therefore the Waves are 539. 
moved circularly, I ct AB be an Obſtacle, againſt 540. 
which the Wave whoſe beginning is at C does —_—— 
y - 
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We are to examine what Alteration the Wave under. 
goes in any Point E when it is come to the Obſtacle 
in that Point. In all Places through which the 
Wave paſſes, while it goes forward its whole 
Breadth, the Water 1s elevated, and then the Ca- 
vity is form'd, which again is filled up; which 
Change while the Surface of the Water undergoes, 
its Particles go and come through a ſmall Space. 
The Direction of the Motion is along CE, and this 
Line may expreſs the Velocity of it: Let this Mo- 
tion be ſuppoſed to be reſolved into two others along 
GE, DE, whoſe Velocities are repreſented reſpe- 
ctively by theſe Lines (383.). By the Motion along 
DE the Particles do not act againſt the Obſtacle, 
and continue their Motion after the Stroke with the 
ſame Velocity in this Direction; and this Motion is 
here repreſented by EF, ſuppoſing EF and ED 
equal to one another. By the Motion along GE 
the Particles ſtrike directly againſt the Obſtacle, and 
the Water, which cannot run beyond the Obſtacle, 
and is propelPd by that following it, runs to that 
Part where the Reſiſtance is the leaſt, that is, 
aſcends; and this Elevation, greater than in other 
Places, ariſes from the Motion along G E, becauſe it 
is by that Motion alone that the Particles come 
againſt the Obſtacle. The Warer by its Deſcent 
acquires that Velocity with which it was elevated, 
and the Particles of the Water are repelled from the 
Obſtacle in the Direction G E with the ſame Force 
by which they came againſt the Obſtacle. From 
this Motion and the Motion along EF, there arifes 
a Motion along EH, whoſe Velocity is expreſs'd 
by the Line EH equal to the Line CE; and the 
Velocity of the Wave is not changed by the Refle- 
ction, but it returns along E H in the fame Man- 
ner as if it had continued its Motion along E b, 
when the Obſtacle was removed. If you draw CD 
perpendicular to the Obſtacle from the Point C, and 
make De equal to CD, the Line H E, continued 
out, will paſs through c; and ſince the Demonſtra- 
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tion holds good in all Points of the Obſtacle, it fol- 
lows that the reflected Wave bas the ſame Figure on 541. 
that fide of the Obſtacle as it would have had beyond the 
Obſtacle, ſuppoſing it to have been removed, 

If the Obſtacle be inclined to the Horizon, the Water 542, 
riſes and deſcends upon it, and ſuffers a Friction, 
by which the Reflexion of the Wave is difturb'd, and 
ſometimes quite deſiroy'd: This is the Reaſon why 
oftentimes the Banks of Rivers do not reflect the 
Waves. | 

l ben there is a Hole, as I, in the Obſtacle, as BL, 543. 
the part of the Wave that goes through the Hole 
continues its Motion directly, and expands itſelf to- 
wards Q Q, and there is a new Wave formed, 
which moves in a Semicircle, whoſe Centre is in that 
Hole. For the elevated Part of the Wave which 
goes through the Hole firſt, immediately flows 
down a little at the Sides, and then makes a Cavity 
by deſcending, which is encompaſſed with an Eleva- 
tion every way beyond the Hole, which moves every 
way in the ſame Manner as was ſaid concerning the 
Generation of the firſt Wave (539.). 

In the ſame Manner a Wave, to which an Obſta- 544. 
cle, as A, O, is oppoſed, continues to move 
tween ON, but expands itſelf towards R, ina 
of a Circle, whoſe Centre is but a ſmall Diſtance 
from O. 

Hence we can eaſily deduce what muſt be the 545, 
Motion of a Wave behind an Obſtacle, as MN. 

Waves are oftentimes produced by the Motion of a 546. 
Tremulous Body, which alſo expand themſelves circu- 
larly, tho' the Body goes and comes ina right Line; 
for the Water which is raiſed by the Agitation, 
forms a Cavity in deſcending, which 1s every where 
ſurrounded with a Riſing. 

Different Waves do not diſturb one another, when 547. 
they move in different Directions. The Reaſon of which 
is, that whatever Figure the Surface of the Water 
has acquir'd by the Motion of the Wave, there ma 
be an Elevation and — in that, as alſo fi 
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Plate VII. 


Fig. 4. 


548. 


A EXPLANATION 


a Motion as is required in the Motion of the 
Wave. 

Whoever has attentively conſidered the Motion 
of the Waves, has found that all theſe Things agree 
with Experiments. 

To determine the Velocity of the Waves, ſome 
other Motion analogous to their Motion muſt be ex- 
amined. 

Let there be a Fluid in the cylindrical Tube E H that 
is bent up; and let the Height of the Fluid, in the 
Leg EF, exceed the Height in the other Leg, by 
the Quantity ze 3 which Difference muſt be divided 
into two equal Parts in E. The Fluid deſcends by 
its Gravity in the Leg EF, while it aſcends equally 
in the Tube GH : And ſo when the Surface of the 
Fluid is come to E, it is at the ſame Height in both 
Legs; and it is only in this Caſe that the Fluid can 
be at Reſt. But by the Velocity acquir'd in de- 
ſcending, it continues its Motion, and aſcends to, in 
the Tube GH; while at the ſame Time, in the 
Tube EF, it deſcends to i, except ſo much as it 
is hindred by the Friction againſt the Sides of the 
Tube. The Fluid in the Tube GH, which is 
higher, alſo deſcends by its Gravity; and fo the 
Fluid in the Tube riſes and falls, until it has loſt 
all its Motion by the Friction. 

The Quantity of Matter to be moved, is the 
whole Fluid in the Tube; the moving Force is the 
Weight of the Pillar ez; this Fluid prefling with 
that Motion, Is raifed with the remaining Fluid in 
the Tube, fo as to be at Reſt with Regard to this 
and therefore ir preſſes upon the lower Fluid with all 
its Weight (183.). The Height of the Fluid which 
preſſes, is always twice the Diſtance between the 
Surface of the Fluid and the Point E; which Di- 
ſtance therefore increaſes and diminiſhes in the ſame 
Proportion with this moving Force. But this Di- 
ttance is the Space to be moved through by the 
Fluid, ſo that it may be in a Situation where it can 
Reit; which Space therefore is always as the Force 
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continually acting upon the Fluid: But we have de- 
monſtrated that this is the Reaſon why the Times 
of all the Vibrations of a Pendulum oſcillating in a 
Cycloid are equal (217.); and therefore here too 
whatever be the [nequality of the Agitations, the Fluid 
will go and come always in the ſame Time. 
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The Time in which a Fluid, thus agitated, aſcends or 549. 


deſcends, is the Time in which a Pendulum vibrates, 
whoſe Length, viz. the Diſtance between the Centres 
of Oſcillation and Suſpenſion, is equal to half the 
Length of the Fluid in the Tube, or of half the Sum of 
the Lines EF, FG and GH: This Length is to 
be meaſur'd in the Axis of the Tube. 


Let ſuch a Pendulum vibrate in a Cycloid in the 350. 
Manner explain'd above (212.). The Pendulum Pace VII. 
PC, and the Arch A Dare of the ſame Length (213.), Fs. 5- 


the Direction of the Curve at the Point A is per- 
pendicular to the Horizon, and the Body endea- 
vours to deſcend with all its Weight along the 
Curve: Bur this Weight is to the Force acting 
upon the Body when it is at P, as AD or PC to 
P D. /216.). Now let the Fluid be in ſuch a Situa- 
tion, that e E (Fig. 4.) be equal ro PD; the Weghr 
of the whole Matter to be moved, that is, of 
the whole Fluid, is to the Weight ez, which 
is the Force acting upon the Fluid in that Si- 


tuation, as the Length of the Fluid in the Tube is 


to the Line ez; in which Ratio alſo are the Halves 
of thoſe Quantities, that is, PC to PD (Fig. 5.); 
therefore the Weight of the Matter to be moved in 
the Pendulum, is to the Force acting upon it at P. 
as the Weight of the Matter in the Tube to be 
moved, is to the Force acting upon it in the Poſi- 
tion eh. Therefore the pendulous Body, and the 
Fluid, in this Caſe, are acted upon by equal Forces. 
And this always obtains, where the Spaces to be 
moved through by the Fluid in agitation, and by 
the Body vibrating are equal: Therefore in this 
Caſe the Agitation and the Vibration are perform'd 
in the ſame Time, and not only in this Caſe, but 

L 2 always. 


An EXPLANATION 


always (548.). But ſince the ſmall Vibrations in 4 
Circle, do not differ from a Vibration in a Cycloid, 
the Demonſtration will agree with them. 
551. Now to determine the Velocity of the Waves 
Plate VII. from what has been ſaid, we muſt confider, ſeveral 


148 


Pg. ©, equal Waves immediately following ane another, as 


AB, CD, E F, which move from A to F. The Wave 
A Bruns its Breadth when the Cavity A is come to C; 
which cannot be, unleſs the Water at C aſcends to 
the Height of the Tops of the Waves, and again 
deſcends to the Depth C; in which Motion the 
Water is not agitated ſenſibly below the Line 51; 
therefore this Motion agrees with the abovemention'd 
Motion the Tube, and the Water riſes and falls, that 
is, the Wave goes through its Breadth, while a Pen- 
dulu-n of the Length of half BC performs two Oſcil- 
tions (549.)3 or while a Pendulum of the Length 
BCD, that is four times as long as the Firſt, per- 
worn one Vibration (220.). 
erefore the Velocity of a Wave depends upon 
ue Length of the Line BCD, which is greater ac- 
cording as the Breadth of the Waves is greater, and 
as the Water deſcends deeper in the Motion of the 
Waves. 
In the broadeſt Waves, which do not riſe high, 
ſuch a Line as B CD, does not much differ from 
552. the Breadth of the Wave; and in that Caſe, a Wave 
runs through its Breadth, while a Pendulum, equal ts 
that Breadth performs one Oſcillation. In every equa- 
ble Motion the Space moved through is had by 
multiplying the Time by the Velocity (39.); from 
whence it follows, that the Velocities of the Waves 
are as the ſquare Roots of their Breadths: For ſince 
the Times in which they move through their 
Breadths are in that Ratio (220. 552.), the ſame 
Ratio is requir'd in their Velocities; that the Pro- 
ducts of the Times, by their Velocities, may be as 
the Breadths of the Waves, which are the Spaces 
moved through. ä 1 
A 
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All theſe things muſt be only looked upon as 
nearly true, becauſe the Motion of the Waves differ 
ſomething from the Motion in the Tube; which 
Error, in part, is taken away, becauſe the Len 
of the Pendulum is meaſur*d according to the inclin- 


ded Lines BC and CD. 
CHAP. X. 


Of the Reſiſtance of Fluids. 


a LL Bodies moved in Fluids ſuffer Refiſtance, 554. 
and that from two Cauſes. 

Although the Parts of Fluids do ſtick together 
but a very little, yet it is paſt doubt that they do 
cohere by ſome certain Force (41.); and while the 555. 
Body in Motion ſeparates the Particles of the Fluid, it 
muſt overcome this Cobeſion of the Particles ; and this 
is the firſt Cauſe of the Reſiſtance of Fluids. 

This Action is like that whereby the Parts of ſoft 556. 
Bodies are ſeparated, during the Formation of Cavities 
in them, which we ſee are formed by an Action, or 
Force, proportional to thoſe Cavities (320.); and 
this Demonſtration may be apply'd alſo to a Body 
moving in a Fluid; but in this Motion, the Body 
forms a Cavity proportional to the Space gone 
thro', altho? this Cavity is every Moment fill'd up by 
the Flowing in of the Fluid. From whence we in- 537. 
fer, that a Body ſuffers a Reſiſtance from that firſt 
Cauſe, proportional to this Space gone through ; which 
therefore increaſes or diminiſoes in Proportion to the 
Pelocity (58.). 

While a Body is forming a Cavity in a ſoft Body, 338. 
the Parts give way only by the immediate Action of 
the Bodies upon one another; which Action ceaſing, 
the Motion of the Particles ceaſes too. And this is 
the Reaſon why, in the Formation of a Cavity, 
there is no more Force loſt, than what is neceſſary 
ta overcome the Coheſion of the Parts, and Bodies 
may loſe their whole Quantities of Motion in form- 


ing Cavities. 
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An EXPLANATION 


But a Body moving in a Fluid does not only tranſ- 
fer the Particle by an immediate Action, while it 
makes its way among them; in which immediate 
Tranſlation it overcomes their Coheſion, but likewiſe 
communicates a Force to thoſe Particles, by which, 
when the Motion of the Body ceaſes, they move a- 


559. mongſt themſelves: But the Re-aftion of the Parti- 


£60 


561. 


562. 


cles, while that ſame Motion is impreſſed upon them, 
ariſing from their (Inertia) nativity (178.), is the ſe- 
cond Cauſe of the Reſiſtance. 

In order to perceive more clear what relates to 
theſe Reſiſtances, we muſt take notice of this, viz. 


That the Change of the Action of the Body, and of the 


Fluid, with a certain Velocity, is the ſame, whether- 
the Body moves in the Fluid, which Fluid is at Reſt; 
or whether the Body being at Reſt, the Fluid moves 
againſt it with that ſame Yelacity For that Action 
depends upon there reſpective Motion, which does 
not vary in theſe Caſes. 

If then ſetting aſide the Cohefion of the Parts, we 
attend to the Motion of the Fluid, and conſider 
this Fluid, as it runs againſt the Body, at Reſt, we 
ſhall eaſily ſce that Ihe Action of the Flaid is a Preſ- 
ſure; and that the Particles of the Fluid do not 
ſtrike againſt the Body, but are moved near to it, or 
near to the Particles which touch the Body, after 
the ſame Manner as a Body prefics a Plane when 
it moves upon it; which Preſſure we have ſhewn 
above ro ariſe from Forces (261. 362.). 

This Preſſure ariſing from the active Force of the 
Particles, is as that Force, that is, as the Square of 
their Velocity (30o.); which will appear more evi- 
dent, if we confider that there is an Analogy be- 
tween this Preſſure and a centrifugal Force, which 
(all things elſe being the ſame) is alſo as the Squares 
of the Velocity (268.). 

Alſo the Preſſure here ſuppoſed encreaſes as the 
Number of the Particles moving on in a determinate 
Time, which Number 1s proportional to the Ve- 
locity. 


Lafily, 
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Lafily, This Preſſure is in the Ratio of the Time, 
in which every Particle of the Superficies preſſes 

inſt a determinate Part of the Surface; which 
T ime leſſens as the Velocity encreaſes, or is in the 
inverſe Ratio of the Velocity; therefore the two laſt 
Ratio's do mutually deſtroy each other, and we 
have only remaining the Ratio of the Square of the 562. 
Velocity; and therefore, the Reſiſtance ariſing from 
the ſecond Cauſe is as the Square of the Velocity. 

But to conceive how both the Reſiſtances above- 364. 
mention*d act together when the Fluid moves, and P. VIII. 
the Body is at Reſt, we muſt conſider the Particles, . 1. 
which after their Action againſt a Body, as A, flow 
down the Sides at B and D; where, ſetting a- ſide 
the Coheſion of the Parts, their Action upon the 
Body ceaſes; but ſuppoſing ſuch a Coheſion, the 
ſaid lateral Particles draw after them thoſe Particles 
which follow them, and ſeparate them at C, which 
cannot happen without an Action upon the Body. 

It appears, by Experiments, thattheſeReſiſtances(5 57. 
563.) are in the Proportions abovementioned (Exp.). 

When two fimilar Bodies move in the ſame Fluid, 65. 
with equal Velocities, after the ſame Manner, we ga- 
ther, from what has been ſaid (556. 562.), that each of 
the Reſiſtances are increaſed and leflen'd, in the ſame 
Proportion as the number of the Particles of the 
Fluid moved out of their Place in the ſame Time; 
that is, the whole Reſiſtance is in the Ratio of the 
Squares of the Homologous Sides (20. 6. Elm.); and if 
the Bodies be Balls, Cylinders or Cones, in the Ratio of the 
Squares of the Diameters (2. 12. Elm.) (Exp.). 

The Reſiſtance from the firſt Cauſe is the ſame, what- 566. 
ever the Figure of the Bedy is, provided the Cavity © 
formed be the ſame (556. 320); therefore the Reſi- 
ſtance is the ſame in a Cone and Cylinder, moving 
according to the Direction of their Axis, as alſo in 
a Ball, when their Diameters be equal, and the Fluid 
and the Velocity be the ſame (Exp.). 

But the Re ſiſtance ariſing from the ſecond Cauſe, is di fer- 567. 
ent, according to the different Figure of th? Bady, for me 
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the Fluid at Reſt preſſes every way with an equal 
Force, it eaſily appears that this muſt not be referr*d to 
ſuch a Preſſure ariſing from Motion, which acts in 
one Direction only, and is not all ſuſtain'd, unleſs by 
a Plane perpendicular to this Direction. 

We demonſtrate in the Scholiums to the Elem. 
that the Reſiſtance of a right Cylinder, is to the Reſi- 
ſtance of a right Cone, moving in the ſame Fluid with 
the ſame Velocity, according to the Direction of their 
Axes, as a Line drawn on the Surface of the Cone, 
from the Vertex to any Point of the Baſe. 

But the Reſiſtance of the Globe is to the Refiſtance of 
the right Cylinder, as 3 to 2, when their Diameters be 
equal, and the Cylinder moves according to the Direction 
of the Axis. This we have demonſtrated alſo in our 
Scholiums. 

From whence it follows, that the Reſiſtance of a 
Glove, is to the Reſiſtance of a right Cone, moving in 
the Direction of its Axis, the Diameter of whoſe Baſe 
is equal to the Diameter of the Globe, as two third Parts 
of a Line drawn from the Vertex to the Circumference 
of the Baſe, is to the Semi-diameter of the Baſe (Exp.). 

Here it muſt be obſerv'd, that the Vertex of the 
Cone, in all theſe Motions, moves foremoſt ; for 
whatever Reſiſtance the Baſe fuffers, it is manifeſt, 
_ it is the ſame as that of a Cylinder of the ſame 
Bate. | 

The Reſiſtance ariſing from the firſt Cauſe is different 
in different Fluids; and it eaſily appears, alſo, that 
this fort of Reſiſtance cannot be determin'd but by 
Experiments. | 

In ſwift Motions, where the Fluids are not Glu- 
tenous, the Reſiſlance ariſing from the Coheſion of the 
Parts of the Fluid is but ſmall, if compared to the Re- 
fiftance ariſing from the ſecoad Cauſe , which we gather 
from the different Ratio's in which they increaſe. 
For Example, if the given Velocity, by which theſe 
Reſiſtances become equal, be augmented one hun- 
dred times, the firſt Reſiſtance will be to the Se- 
cond, as One is to one Hundred, 

But 
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But the Reſiſtance ariſing from the ſecond Cauſe, in 373. 


different Fluids, is in proportion to the Number of Par- 
ticles moved out of their Places ; for this depends upon 
the Jnactivity of Matter, which is in proportion to the 
Quantity of Matter (13.); Therefore this Reſiſtance 
(all things elſe being the ſame) is as the Denſity of the 
Fluid. © 


We can compute the Reſiſtance, ariſing from the 
ſecond Cauſe, without any other Experiment, than 
determining a Weight which is equivalent to that 
Reſiſtance. 


Let there be a Body, whoſe Surface AB ſuffers a 5 
Reſiſtance, while the Direction of the Motion is PA. VIII. 
rpendicular to that Surface; and let us ſuppoſe, as FB. . 


— 20h that the Body 1s at Reſt; and the Fluid in 
Motion, whereby the Action of the Fluid againſt 
the Body is not changed (560.) 

Let the Surface CD, at the Bottom of a Veſſel, 
containing a ſimilar Fluid, whoſe Height is E F, be 
equal to . Surface AB; alſo ſuppoſe the Preſſure, 
ſuſtain'd by the Part CD of the Bottom, be equal 
to the Action againſt AB, when the Parts of the 
Fluid have no Coherence. | 

Theſe two equal Planes will each of them obſtruct 
the Motion of the Fluid; and ſince they act equally, 
they obſtruct equal Motions. Therefore when thoſe 
Planes are taken away, the Fluid will move with 
the ſame Velocity in thoſe Places where the Planes 
acted, that is, the Fluid acting againſt the Surface 
AB, moves with that Velocity, by which the Fluid 
runs out of a Hole at CD, that is, with the Velo- 
city which a Body acquires in deſcending in Facuo, 
from the Height EC (481.); for we ſet aſide all 
Friction and Coheſion of Parts. Therefore the Action 
upon the Surface AB, while the Fluid runs againft 
it, is equivalent to the Weight of a Pillar of the 
Fluid, whoſe Baſe is CD, or AB, and Height 
EC. For ſuch is the Preſſure upon CD (433. ). 


Hence 
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876. 


577. 


578. 


579. 


MEXPLANATION 
Hence it follows, that the Reſiſtance of an ere? 
Priſm, moving in a Fluid, according to a Direction per- 


—— to its Baſe, is equivalent to a Pillar of the 
ſame Fluid, whoſe Baſe is equal to the Baſe of the 


Priſm, and Height equal to the Height from wwhich a 
Body falling in Vacuo, acquires the Velocity with which 
the Priſm moves in the Fluid (Exp.). 

T his Demonſtratzon takes place only when the 
Surface which is reſiſted, is perpendicular to the Di- 
rection of the Motion (: 567.); when we have to deal 
with other Surfaces, we are to attend to what 1s de- 
monſtrated concerning them in N“. 568. 569. 

Therefore if it be a Globe, its Reſiſtance is equi- 
valent to two third Parts of the Weight of a Cylin- 
der of the Fluid, the Diameter of whoſe Baſe is 
equal to the Diameter of the Globe, and the Height 
equa] to that from which a Body freely falling, ac- 
quires that Velocity with which it moves in the Fluid 
(575. 569.) (Exp.). 

From hence it is eaſy to find out the Height from 
which a Body falling acquires a Velocity, with which 
it moves in the Fluid, if the Reſiſtance ariſing from the 


ſecond Cauſe, ſhall be equal to the Weight of that Body. 


If the Body be a Priſm, the Denſity of the Fluid will 
be to the Denſity of the Priſm, as the Height of it is to 
the Height reguir' d. (575. 443.) 

IF the Body be a Globe, the Denſity of the Fluid will 
be to the Denſity of the Globe, as the Height of a Cy- 
linder of the fame Weight as the Globe; and having 
its Diameter equal to the Diameter of the Globe, 
and Height equal to + parts of the Diameter, to; 
parts of the Height required (575. 569. 443. ); 
that is, as the Diameter to the Height required. 

The Weight equivalent to the Reſiſtance, and ſo 
the Refiftance ſelf arifi from the ſecond Cauſe, is in 
the Ratio of the Baſe of the LA. of the Denſity 
of the Fluid, and of the Square of the Velocity of 
the Body (575. 186.) . which perfectly agrees with 
_ has been already demonſtrated (565. 573. 
563.). 


We 
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We ſaid in the 19th Chapter of the firſt Book, 580. 


that we ſhould in this Chapter lay down a different 
Demonſtration of N*. 299, concerning the Meaſure 
of Forces, whichin the ſame Body we have fix'd for 
certain to be proportional to the Squares of the Ve- 
locities (300). the Demonſtration 1s this. 

No Body diſputes that the Velocity of a Flaid 
ariſing from the Preſſure of the ſuperincumbent 
Fluid, is not in the duplicate Ratio of the Height of 
the Fluid (482.); and in this Chapter we demon- 
ſtrate (374.), that the Reſiſtance ariſing from the 
ſecond Cauſe, is in proportion to that Height; 
and fo is in the duplicate Ratio of the Velocity; but 


| irappears alſo that the ſame Reſiſtance is in the Ra- 


tio of the Force of Activity or Quantity of Force of 
everyParticle of the Fluid (562.); therefore, that 


1 Force is alſo as the Square of the Velocity, which 
was to be demonſtrated. 


CHAP. XL 


Of the Retardation of Bodies moving in 
Fluids. 


T appears that a Body moving in a Fluid is reſiſt- 38 1. 


ed (554.), and that there is a Preſſure contra 
to its Motion, whereby it is manifeſt the Body's Mo- 
tion is retarded (309.). 
Since there is a two-fold Reſiſtance, the Body lo- 
ſes Motion from a two-fold Cauſe. 


Becauſe each of thoſe Reſiſtances are of a different 382. 


Nature, they beget different Retardations, in thoſe very 
Caſes wherein the Preſſures which they produce upon the 
Body are equal; but the Preſſures are not of the ſame 
Kind. 


The Cauſes which is that Caſe where the Body 6583. 


at Refi, and the Fluid moves, do retard it, do now 


| when the Body moves, communicate Motion to it; 


and this Velocity acquired, is equal to that Retardation, 


which happens to the Body, when the Fluid is at Reft, 


and 
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and the Body moves with that Velocity which the Fluid 


had in the firſt Caſe (560.). 

But in that Caſe wherein the Fluid moves, the Co- 
hefion of the Parts cannot immediately communicate Mo- 
tion to the Body, but only by the means of the Motion 
of other Particles, as has been ſhewn already (564.) ; 
which is quite otherwiſe in the ſecond Cauſe of the 
Reſiſtance, which communicates Motion to the Body 


85. immediately; therefore the Retardations looked upon as 


386. 


587. 


ariſing from theſe different Reſiſtances, muſt be deduced 
from Principles entirely different. 

When the Body is at Reſt, and the Fluid moves, 
the Particles that flow down the Sides of the Bod 
do overcome the Coheſion, and thefe loſe ſome of 
their Force; and this Action is to be conſidered, to 
determine the Velocity communicated from that 
Body; and though the Determination of it is diffi- 
cult, yet we have done the ſame in the Scholiums 
to our Elements, and alſo remov'd ſome Scruples 
about 1t. 

Here we ſhall determine the Retardation that hap- 
pens to the Body, when it moves, and the Fluid is 
at Reſt. 

It appears already that the Reſiſtance ariſing from 
the firſt Cauſe, is of the ſame Nature with the Re- 
ſiſtance of ſoft Bodies, when Cavities are formed in 
them (556.). | 
It alſo appears that any Cavity formed in one of 
theſe Bodies is proportional to the Force loſt in form- 


ing it (320.); and that the Cavity that a Body 
moving in a Fluid forms, is proportional to the Space 


moved through therefore too, the Force loſt, which 
ariſes from the Reſiſtance, produced from the firſt Cauſe, 
7s proportional to that Space moved through, 

When a Body is projected upright in Yacuo, as 
it aſcends it is conſtantly loſing ſuch a Force as is 
proportional to its Height (301. 193.) 3 therefore it 


. follows from hence, that the Retardation in that A/ 


cent is proportional jo the Retardation of the Body ariſing 
from 


_ 
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from the Reſiſtance here ſuppoſed 3 but the Retarda- 
tion of the aſcending Body is equable (190.); and 
therefore ſuch is the Retardation under our Exami- 
nation. 

Therefore when the ſame Body moves through the 590. 
ſame Fluid after the ſame Manner, with what Velocity 
ſoever, it loſes equal Degrees of Velocity in equal Times, 
provided the Reſiſtance ariſing from the ſecond Cauſe be 
ſet afide z and will loſe all its Motion in running a 
determinate Space (589.), which in the beginning 
will be proportional to the Square of the Velocity 
(590. 190. 194.), in the Time proportional to that 
Velocity (590. 190. 191. 186.). 

Whence it · appears that Bodies moving in a Fluid 
will at laſt be at Reſt, which is almoſt impoſſible to 
account for upon the common Suppoſition that Forces 
are proportional to the Velocities; for if this be 
granted, the whole Velocity will not be loſt unleſs 
in an infinite Time, 

The Retardation ariſing from the ſecond Cauſe, is 792. 
determin'd by ſuppoſing a Body to bear Reſt, and the 
Fluid running againſt it; becauſe the Velocity com- 
municated by the Fluid to the Body at Reſt, is more 
eaſily determined than the Retardation that the Bod 
undergoes; and therefore, it is this Velocity Which 
we ſhall conſider, being not in the leaſt different 
from that Retardation of the Body, produced by its 
Motion in the Fluid when at Reſt (583.). 

The Preſſure which the Fluid produces upon the 593. 
Body at Reſt, can immediately ſet the Body in 
Motion; therefore it is proportional to the infinite! 
ſmall Velocity communicated in an infinitely ſmall in- 
variable Moment, that is, proportional to that Space 
which the Body is moved by the immediate Action 
of the Fluid, which Space is proportional to the Preſ- 
ſure (71.), which is as the Square of the Velocity 
(563.). 

a Therefore, the Diminutions of the Velocity, which 594. 
a Body moving in @ Fluid ſuffers from the Reſiſtance 


ariſing 
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ariſing from the ſecond Cauſe, in infinitely ſmall equal 
Moments, are as the Squares of the Velocities of that 
Body. 
HFence it follows, that a Body cannot loſe all its Ve- 
locity from the ſole Reſiſtance ariſing from the ſecond 
Cauſe. 

596. . alſo evident in all Caſes, that the Retardation 
ariſing from that Reſiſtance, is in the ſame Ratio as the 
Reſiſtance, when the moving Body contains the [ame 
Quantity of Matter; and when this is different, the 

597. Retardation, all things elſe alike, is inverſely as the Duan- 
tity of Matter (76.); from whence, and the Theo- 
rems in the laſt Chapter, it eaſily appears how we 
can compare together the Retardations of different 
Bodies in different Fluids. 

598. If, for Example, the Bodies be Spheres, Cylinders, or 
ſimilar Cones, moving according to the Direction of their 
Axes, the Retardations ariſing from the ſccond Cauſe, 
are directly as the Squares of their Diameters (596. 
565.), as the Squares of the Velocities (594.), as the 
Denſities of the Fluids (596. 573.) z aud inverſely as 
the Denſities of the Bodies (597.), and as the Cubes of 
the Diameters (597.). But the direct Ratio of the 
Squares, and the inverſe Ratio of the Cubes of the 
Diameters, is reduced to the inverſe Ratio of thoſe 
Diameters ; therefore, if the firſt and laſt Ratio be 
Joined together, the Retardations are inverſely as 

599. the Diameters. : 

Numbers are found out in the Ratio compounded 
of thoſe Ratio's, by multiplying the Denſity of the 
Fluid for each Body, by the Square of the Velocity 
of the Body, and dividing the Product by the Dia- 
meter drawn into the Denſity of the Body, and the 
Quotients of the Diviſions will expreſs the Relations 
of the Retardations. 

600. Theſe are alſo found out, if that Weight for each 
Body, which is equivalent to the Refiſtance (575.), 
be divided by the Weight of the Body ; for the 
Quotients are as the Retardations (396. 597. 


73.9. 
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While a Body moving in a Eluid is retarded, as 
the Velocity changes every Moment, the Retarda- 
tions change too; from whence we deduce ſeveral 
things about the Motion of a Body continued in a 
Fluid (ſome of which we have demonſtrated in the 
Scholiums to our Elements) a few of which I ſhall 
here point out. 

Setting afide (as in the laſt Propoſitions) the Reſiſ 6or. 
tance ariſing from the Coheſion of the Parts, let a Body 
move in a Fluid; this will move equal Spaces in 
unequal Times; which Times will be in a Geometrical 
Progreſſion; in which ſame Progreſſion inverted, are 
alſo the Pelocities in the Beginnings of thoſe Mo- 
ten,. 

If a Globe or right Cylinder moves in a Fluid accord- 602. 
ing to the Direction of the Axis, the Length of the Cy- 
linder or Diameter of the Globe, will be to the Spaces 
reſpectively moved through by theſe Bodies, ſo as to loſe 
half their Yelocity, in a Ratio compounded of the Den- 
fity of the Fluid to the Denſity of the Body, and that of 
the Number 10000 to 13863. 

And the Retardation of a Body moving in a Fluid, 603- 
depends upon both the Cauſes of this Reſiſtance, 
and it is partly equable (590.), and partly as the Square 
of the Velocity (594.). 

This is alſo true of Bodies aſcending or deſcend- 
ing. 
2 Body ſpecifically beavier than a Fluid, which Body 604. 
aſcends, or ſpecifically lighter than a Fluid, which Body 
deſcends, not only ſuffers a Retardation, ariſing from 
the Inactivity (Inertia) of the Fluid (594.), but like- 
wiſe another equable Retardation, not only from the 
Coheſion of the Parts of the Fluid (590.); but 
moreover (in the firſt Caſe) from its reſpective Gra- 
vity (455.), and (in the Second) from the Force by 
| which it is preſſed upwards in the Fluid (452.). 

And contrariwiſe, Fa Body ſpecifically heavier than 605. 
2 Fluid in which it is immerſed, deſcends, or a Body 
[pecifically lighter, aſcends, it is continually 3 
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by the Forte which is equal to the Difference of the | 
ſpecifical Gravities of the Body and of the Fluid 
(456.)z which Acceleration ariſing from the Gra- 
vity is equable (182.), this is diminiſhed by the Re- 
tardation ariſing from the Coheſion of the Parts, but 
equably (590.), and the Acceleration is ſtill equable. 
But ſince the Retardation ariſing from the ſecond 

606. Cauſe increaſes with the Velocity, the Acceleration 
continually leſſens; and the Body comes nearer and nearer 
toa certain Velocity, which is the greateſt it can poſſibly 
have, but can never attain to it. 

607. But hat is ihe ſaid greateſt Velocity where the Retar- 
dation becomes equal to the Reſiſtance; for if the Body 
could acquire ſuch a Velocity, it would move on con- 
tinually equable, the contrary Preſſures mutually de- 
ſtroying each other; which happens where the Re- 
ſiſlance is equal to the reſpective Weight of the 
— ſetting aſide the Coheſion of the Parts of the 

lui 

608. A Cylindrical Body acquires that greateſt Velocity by 
falling in Vacuo from ſuch a Height which is to the Length 
of the Cylinder, ſuppoſing it todeſcend in a Fluid according 
to the Direction of its Axis; or if it be a Globe, to the 
Diameter of it, as the Difference of the Denſity of the 
Body moving in the Fluid, and the Denſity of the Fluid, 
is to the Denſity of the Fluid (575.), when the Retarda- 
tion ariſing from the Coheſion of the Parts of the Fluid 
is ſet aſide; but if this Coheſion of the Parts be taken 
in, the Height will be leſs, from whence a Body fal- 
ling in Vacuo acquires that greateſt Velocity. 

We have now done with ſtreight-lin'd Motions, 
and ſhall add a few Things about the Motion of 
Pendulums. 

609. Let ABD be an Arch of a Cycloid, in which a 

= . III. Pendulum vibrates - and B the loweſt Point thereof; 

the Acceleration ariſing from Gravity in any Point, 
as E, is as EB (216.) 3 but this is diminiſhed equa- 

bly by the Coheſion (590.): Let this Diminution be 

as BF; the Acceleration will be then as EF, and at 

A it will be as AF. In the Aſcent of the ag 
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the Retardation at G, ariſing from Gravity, 
will be as GB, that ariſing from the Coheſion will 
be as BF, and it is as G F from both theſe Cauſes 
taken together; and in the whole Vibration, ſet- 
ting aſide any other Reſiſtance, the Body moves in 
reſpe& of the Point F, as it does in Vacuo in reſpect 
of the Point B. | 

Therefore we ſay the Motion of the Pendulum 1s 
deſcending till it arrives at F, and aſcending when 


it is got beyond that Point; the Pendulums being 
ſuppoſed to deſcend from A. 


But to demonſtrate what happens when the Pen- 610. 


dulum is retarded by a Reſiſtance ariſing from the 
ſecond Cauſe, I firſt ſuppoſe the Reſiſtance, gene- 
rating the Retardation, to be in the Ratio of the 
Velocity; and upon this Suppoſition demonſtrate 
ſome Propoſitions, which being laid down, it will 
more eaſy appear what will happen, when the Re- 
tardation is as the Square of the Velocity. 


Therefore let the Reſiſtance be as the Squares of the Ve-611. 


locity, and two Pendulums, entirely alike, oſcillating in a 
Cycloid, perform unequal Vibrations, and begin to fall the 
ſame Moment ;, they begin to move by Forces that are 
as the Arches deſcribed in the Deſcent (216.); If thoſe 
Impreſſions alone, which are made the firſt Moment, 
be conſiderd after a given Time, the Velocities will 
be in the ſame Ratio as in the Beginning; for the 
Retardations, which are as the Velocities themſelves, 
cannot change their Proportions, ſince the Ratio be- 
tw-cn Quanrities is not changed by the Addition, 
or Suhſt raction of Quantities in the ſame Ratio. 
Therefore in equal I imes, however the Velocity of 
the Bo ly is changed in its Motion by the Reſiſtance, 
the Spaces which are moved through are as the Ve- 
locicies in th: Beginning (58.), that is, as the Arch 
to be deſcrib'd in th: Deſcent z therefore at the End 
of any Time the Bodies will be in the correſpon- 
dent Points of thoſe Arches; and in thoſe Points 
the Accelerations are in the ſame Ratio as in the Be- 
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ginning (216.); and the Ratio of the Velocities, 
which is not altered by the Reſiſtance, ſuffers no 
Change from the Acceleration. In the Aſcent the 
Motion of the Bodies is retarded, but the Retarda- 
tions in correſpondent Points, are in the ſame Ratio 
in which the Accelerations are in the Deſcent ; there- 
fore the Velocities, every where in the correſpondent 
Points, are in the ſame Ratio. But ſince the Bodies 
are in theſe correſpondent Points at the ſame Mo- 
ments of Time, it follows that the Motion of both 
is deſtroy*d in the ſame Moment, that is, they per- 
form their Vibrations in the ſame Time. The Spaces 
run through in the Time of one Vibration, ſince 
they are perform'd in the fame Time, and becauſe 
the Velocities are in the ſame Ratio in every Mo- 
612. ment, are alſo in this Ratio; that is, the Arches of 
the whole Vibrations are as the Arches deſcribed in the 
Deſcent, the Doubles of which are the Arches to be 
613. deſcribed iz Yacuo. Therefore the Deficiencies of the 
Arches deſcribed in Fluids from the Arches to be de- 
ſcribed in Vacuo, are the Differences of Quantities in 
the ſame Ratio, and are as the Arches deſcribed by the 
Deſcent. 
614. Now let the Retardation increaſe in the duplicate 
Ratio of the Velocity, and let the Pendulum perform 
unequal Vibrations: Thoſe which are the greater will 
laſt the longer; becauſe the Reſiſtance increaſes more 
than in the Caſe of N*® 611. 
615. Let the Velocities, when the Arches are not very un- 
equal, are every where in the correſpondent Points of the 
Arches deſcribed nearly in the ſame Ratio, and indeed in 
the Ratio of the Arches deſcribed by the Deſcent. If 
the Reſiſtance was in the Ratio of the Velocity, this 
Proportion would obtain; but now it is difturbed, 
becauſe of the greater Reſiſtance in the greater Vi- 
bration, by which the Motion in this is more dimi- 
niſned. But it is more accelerated by two Cauſes. 
1. This greater Vibration laſts longer (614.), and 
the Body ſtays longer in a certain Space than in the 
correſpondent 
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correſpondent Space in a leſs Vibration; and is ac- 
celerated during a longer Time. 2. The Deficiency 
of an Arch deſcribed here, from an Arch to be de- 
ſcrib'd iz» Vacuo, is greater in Proportion, in a 
greater Vibration; becauſe in this the Retardation 
differs more from the Retardation in a leſſer Vibra- 
tion than in N* 613. Therefore the correſpondent 
Points, keeping the tame Proportion, are more di- 
ſtant from the Point F in the greater than in the 
leſſer Arch, as long as the Body deſcends in it; 
therefore it has a greater Acceleration in Proportion, 
becauſe the Acceleration is as the Diſtance of the 
Body from the Point F. Therefore there is a Com- 
penſation, and the Proportion abovemention'd is 
reſtored. In the Aſcent of the Body the Duration 
of the Retardation, and the Retardation itſelf, do 
both concur with the Reſiſtance to diſturb that Pro- 
portion; but now the correſpondent Points are leſs 
diſtant from the Point F in the greater Arch, inthe 
ſame Proportion, than in the leſſer, and the Retar- 
dation from the Gravity is leſs in Proportion. 
Therefore now the Proportion continuing) the Diffe- 
rence of the Diſtance of the correſpondent Points from 
the loweſt Point, is increaſed, ſo that a Compenſa- 
tion is eaſily had from this alone. 


The Retardations, which are as the Squares of 


the Velocities, are therefore every where in correſ- 
pondent Points, as the Squares of the Arches de- 
ſcribed by the Deſcent; as each of theſe, in correſ- 
pondent Points, keep to the ſame Proportion, the 
Sums of them all will be in the ſame Proportion, 
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that is, the whole Retardations, which are tbe 616. 


Differences between the Arches deſcribed in the Deſcent 
and the next Aſcent. Therefore theſe Differences, when 
the Vibrations be not very utequal, are nearly as the 
Squares of the Arches deſcribed by the Deſcent. Which 
alſo agrees exactly enough with Experiments. (Exp.) 
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BOOK II 
PART III. 
Of the Air and other Elaſtick Fluids. 
C HAP. XII. 
That the Air has the Properties of Fluids. 


WW E have frequently ſpoken of the Air; and ay 
we live in it, and are always encompaſſed by 
it, we muſt have Regard to its Effects in ſeveral 
Experiments, as we have intimated in ſeveral Parts 
of this Work ; but now we ſhall take ſeveral Pro- 
perties ſeparately under our Examination. 
617. That Fluid which covers the Surface of the Earth, 
and every way encompaſſes the Earth, we call Air. 
And it is manifeſt that the Earth is ſurrounded 
with a Fluid; for we find the ſame to be cover'd 
with a Body which is heavy, whoſe Parts yield to 
any Impreſſion upon them, and eaſily move one 
amongſt another; which preſſes in Proportion to its 
Height, and the Preſſure thereof is every way 


equal. 


DrriIxITION I. 


618. All the Air which encompaſſes the Earth, conſider' d 
together, is call d the Atmoſphere of the Earth, or only 
the Atmoſphere. > 

DEFINITION II. 

619. The Height of the Air, above the Surface of the 
Earth, is calPd the Height of the Atmoſphere. 

620. It is manifeſt by Experience (16.) that there is 
ſuch a Body in all Parts of the Surface of the Earth, 
although its Parts do almoſt always eſcape our Sight. 

621. That it yields to any Impreſſion, and the Parts thereof 
are eaſily moved, cannot be called in Queſtion by any 


622. That it is heavy, is proved by its preſſing _ 
the Surfaces of Fluids, and ſuſtaining them in Tu 
623. Let AB be a Glaſs Tube, of about three Feet in 


94588 Length, and about one fourth Part of an Inch bore Z 
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if you ſtop up the End A, and fill the Tube with 
Mercury, and immerſe the open End V in a Veſſel 
full of Mercury, the Mercury in the Tube will be 
ſuſtain'd at the Height of about T wenty-nine In- 
ches (Exp.). 

This Effect is caus'd by the Preſſure of the Air 
upon the Surface of the Mercury in the Veſſel, which 
cannot be preſſed equally every where, unleſs there 
be a Column of Mercury in the Tube, where there 
is no Air, which preſſes equally with the outward 
Air (427). This Tube is called theTorricellian Tube, 
from Torricellius, who was the firſt that tried this 
Experiment. 
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That this Preſſure may not be changed, when the 624. 


Tube is inclined, the Mercury ſhould keep the ſame 
perpendicular Height (450.) (Exp.). 


The ſame Preſſure of Air ſ1*ains the Water in a 625, 


Glaſs, which is immerged in Water, and filled with 
it; and then is pulled out all but the Orifice, which 
ſtill remains immerſed (Exp.). 


The Water would be ſuſtain'd after the ſame Man- 626. 


ner, though the Height of the Glaſs ſhould be 
Thirty-two Feet: For the ſpecifical Gravity of Mer- 
cury is about fourteen Times more than that of 
Water ; and a Column of Water, of a little more 
than Thirty-two Feet in Height, preſſes as much as 
a Column of Mercury of about Twenty- nine Inches 
high, which Preſſure js equal to the Preſſure of the 
Atmoſphere. 


That the Preſſure of the Air depends upon its Height, 627. 


can be eaſily deduced from what has been ſaid ; but 
it is eaſily proved by carrying the Tube, with the 
Mercury abovemention'd, to a higher Place; for at 
every hundred Feet of Altitude, that this Inſtru- 
ment is carried upwards, the Mercury deſcends 
about one fourth Part of an Inch. 


That Air preſſes equally every way, appears from this, 628. 


that this Preſſure is ſuſtain'd by ſoft Bodies, without 
change of their Figure, and by brittle Bodies, with- 
M 3 out 
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out their breaking ; though this Preſſure be equal to 
the Preſſure of a Column of Mercury, twenty-nine 
Inches high, or to a Column of Water of 32 Feet 
(626.); there is no Body but what ſees that nothing 
can keep theſe Bodies from Alteration, but an 
equal Preſſure every way; and it is evident that ſuch 
is the Preſſure of the Air (448. 449.), if you take 
away the Air on one Side, there 1s a ſenſible 
Preſſure on the oppoſite Side (Exp.). 
CH AP. XIII. 
Of the Elaſticity of the Air. 
620. E have ſhewn that the Air has the Properties 
: of other Fluids; but it has another peculiar 
Property beſides theſe, which is, that it can take upa 
greater or a leſſer Space, according as it is compreſſed 
by a different Force; and it expands itſelf immedi- 
ately upon the leſſening of the Force compreſſing it. 
Becauſe of the Analogy of this Effect, with the Ela- 
ſticity of Bodies, this Property of the Air is call'd 
the Elaſticity of the Air. 
630, That the Air may be compreſſed, appears from an 
Experiment mention'd already (16.). 
That it may be dilated, will appear from the fol- 
lowing Experiment. 
>1. Take a Tube AB, cloſe at the End A, and pour 
4. VIII. Mercury into it, fo that there be ſome Air left in 
the Tube, which when in the State of the external 
Air will poſſeſs the Space AJ; if the End B of the 
Tube be immerged into Mercury in a Veſſel, the 
Mercury will deſcend to g, and ſtay there. The 
Height 1g differs much from the Height of Mer- 
cury contain'd in a Tube entirely void of Air. (Exp.) 
The Difference 1s not aſcribed to the Weight of 
the Air in the Tube; for its Weight is too little to 
produce 2 ſenſible Difl-rence in the Height of Mer- 
cury : the Expanſion of the Air is the Cauſe of this 
F. ect. 
e. From this Experiment we deduce the following 
Rule, viz. bat the Air dilates itſelf in ſuch a Manner, 
that 
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that the Space it poſſeſſes is always inverſely as the 
Force by which it is compreſſed. 

The Force, by which the common or external 
Air 1s — is the Weight of the whole At- 
moſphere, which is equal to a Column of Mercury 
of the Height bf (Fig. 4.); therefore this com- 
preſſing Force may be expreſſed by that Height ; 
the Space taken up by the Air in the Tube (Fig. 5.), 
when it is compreſſed by ſuch a Force, is Al. Bur 
this Preſſure of the Atmoſphere produces two Effects, 
it ſuſtains the Column of Mercury ig, and reduces 
the Air in the Tube to the Spaceg A; if the Force 
by which the Mercury is ſuſtain'd at the Height gi, 
be taken from the Preſſure of the whole Atmoſphere, 
that is, if the Height gz, be taken away from the 
Height f, what remains will be the Force by 
which the Air is compreſſed in the upper Part of the 
Tube. But this Difference of the Heights of the 
Mercury hf and gi, is always to bf, as the Cavity 
Al is to the Cavity Ag; that is, the Forces are 
inverſcly as the Spaces (Exp.). 


This Rule alſo takes Place when the Air is com- 
preſſed. 
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533. 


Take a curve Tube ABCD, open at A, and 634. 


ſhut at D; let the Part B C be filled with Mercury, 


y Pl. VIII. 


ſo that the Part CD may contain Air of the ſame F. © 


State as the common or external Air: Then the 
— Force is a Column of Mercury, whoſe 
Height is 5, (Fig. 4.) and by this Height may this 
Force be expreſſed, as in the foregoing Experiment; 
but CD is the Space taken up by the Air. Pour Mer- 
cury into the Tube A B, ſo as to rife 2 2; the Air 
will be reduced to the Space eD: Now the com- 
preſſing Force is equal to a Column of Mercury of 
the Height fg, and alſo to the Preſſure of the ex- 


'S 


ternal Air upon the Surface g of the Mercury: This 


Force is expreſſed by the Sum of the Heights fe, in 

this Figure, and bf in Fig. 4. This Sum is always 

to bf (Fig. 4.) as CD is to eD; and again the 

Farces are inverſely as 7 Spaces (Exp.). 
4 


The 
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635. The Elaſticity of the Air is as its Denfity ; for this t 
laſt is inverſely as the Space taken up by the Air 
(443.) 3 and therefore it is as the Force which com- 
preſſes the Air (632.) 3 which is equal to that Force 
by which the Air endeavours to expand itſelf (175.) 
but this Force is its Elaſticity. 

636. From hence it follows, that the Air in which we ' 
live, is reduced to the Denſity which it has near the 
Earth, by the Preſſure of the ſuperincumbent Air 
and that it is more or leſs compreſſed, according as 
the Atmoſphere has a greater or leſſer Weight: For 
which reaſon alſo the Air is leſs denſe at the Top of 

= a Mountain than in a Valley, as being compreſſed 
by a leſs Weight. 

637. The Force, by which the Particles of Air fly from 
each other, increaſes ia the ſame Ratio, as the Diſtan- 
ces between the Centres of the Particles are diminiſhed, 
that is, that Force is inverſely a3 this Diſtance. 

638, In order to demonſtrate which, let us conſider 
Pia. VIII. wo equal Cubes A, B, containing unequal Quantities 
Fe. 7. of Air. Let the Diſtances between the Centres of the 

Particles, be as one to two; the Numbers of the 
Particles in the Lines de and hi, will be in the ſame 
Ratio inverſely; the Number of Particles, acting 
upon the iy” 2 dg and hm, are as one is to four, 
that IS, as the Squares of the Number of Particles 
in equal Lines; and as the Cubes of thoſe Num- 
bers, viz. as one is to eight, ſo are the Quantities 
of Air contain'd in the Cubes; in which Ratio alſo 
are the Forces compreſſing the Air in the Cubes (632.); 
the Forces acting upon the equal Surfaces dg and 
nm, are as the Forces by which the Air is com- 
preſſed (175.); they are alſo in the Ratio com- 
pounded of the Number of Particles acting, and of 
the Actions of each of the Particles; therefore this 
compound Ratio is the Ratio of one to eight: The 
Frit of the compound Ratio's, is (as has been ſaid) 
as One to four; wheretore the Second muſt neceſſa- 
rily be as one to two, which is the inverſe Ratio = 

e 


> ve @ = 


of the Newtonian Philoſopbhy. 


the Diſtance between the Particles. And this De- 
monſtration 1s general, for by one and eight we may 
expreſs any Cubes generally, and by one and four 
the Squares of the Cube Roots, and by one and two 
the Roots of rhoſe Cubes. 

This D-monlſtration proves that the Action, 
which the Particles continually ſuffer from all Sides, 
is ercreaſed in the Ratio in which the Diſtance of 
the Centres of the Particles is diminiſhed. 

Nevertheleſs, it appears, by Experiments, that the 
other remote Particles do not act upon ſuch as are at a 
very ſenſible Diſtance; from whence it is evident, 
that ſuppoſing the Air of the ſame Deaſity, the 
Elaſticity will not be the greater, where the Quan- 
tity of the Air 1s greater. 
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The Effects of the Elallicity of the Ar are like to 63g. 


thoſe of its Gravity; and included Air acts by its 
Elaſticity exactly in the ſame Manner as Air not in- 
cluded does by its Weight. 


The Air, burden'd with the Weight of the 640. 


whole Armoſphere, preſſes every way from the Na- 
ture of Fluidity (428.); and it is evident that the 
Force it exerts does not at all depend upon the Ela- 
ſticity ; becauſe whether you ſuppoſe Elaſticity or 
not, that Force which ariſes from the Weight of 
the Atmoſphere, and is equal to it, can be no way 
changed. Bur fince the Air is elaftick, it is reduced 
to ſuch a Space, by the Weight of the Atmoſphere, 
that the Elaſticity, which acts againſt the com- 
prefling Weights, is equal to that Weight (175.). 
But the Elaſticity increaſes and diminiſhes, as the 
Diſtance of the Particles diminiſhes or increaſes (637.), 
and it matters not whether the Air be retain'd in a 
certain Space, by the Weight of the Atmoſphere, 
or any other way; for in either Caſe it will endea- 
vour to expand itſelt with the fame Force, and preſs 
every way. Therefore it the Air, near the Earth, 
be included in any Veſſel, the Preſſure of the inclu- 
ded Air, if it keeps the ſame Denſity, will be equal 
to the Weight of the whole Atmoſphere (Exp.). . 
e 
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641. The Tenor of the Air continuing the ſame, what 
we have ſaid will always obtain: But this Tenor of 
the Air is changeable : the repellent Force of the Par- 
ticles is often increaſed, or diminiſhed, though the Di 
ance between the Centres of the Particles remains the 
ſame, I ſhall ſay ſomething of this Alteration in 
the next Chapter. It will appear alſo in the fol- 


lowing Book, that the Elaſticity increaſes by Heat, and 
diminiſhes by Cold. 


C HAP. XIV. 


Of ſome other Elaſtic Fluids. 


642. HERE are ſeveral Fluids that are found ta 
have ſuch an elaſtick Property, as that of the 
Air abovemention'd. 

Amongſt which, Vapours are the chief; concern- 
ing which we ſhall treat in the third Chapter of the 
third Book. 

643, Elaſtick Fluids do ariſe from Bodies by Fermentation, 
Efferveſcence, Putrifaction, and Burning, all different 
according to the Difference of the Bodies (Exp.). 

644. Such a Fluid ariſes from innumerable Bodies, when 
the Preſſure of the Air is leſſen d, or quite taken away, 

Exp.). 

645 a Which alſo is obſerv'd in ſome Bodies, when they 
are only moiſten d (Exp.). Notwithſtanding, tha 
Generation of an elaſtick Fluid, as alſo that which 
is produced upon taking away the Preſſure of the 
Air, may always be reckon'd as proceeding from 
one of the — Cauſes before-mention'd (643). 

All hes Fluids, however different 
themſelves, (excepting Vapours, perhaps) moſt com- 
monly come under the ſole Denomination of Air. 

646. And as Air is that Fluid which covers the whole Sur- 
face of the Earth; the Air, properly ſpeaking, is 4 
Mixture of different elaftick Pais, pd which innume- 
rable Varieties of Corpuſcles do ſwim. 1 
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Theſe Corpuſcles do ariſe to diiferert Heights, 
according to their different ſpecifical Gravity (452. 
453.). Alſo the Exhalations of different Bodies, which 
Exhalations are elaſtick Fluids, ariſe to different 
Heights: From whence we deduce that the upper 645. 
Air differs from the lower Air in ſomething elſe beſides 
its Denſity. 

That different elaſtick Fluids have different Pro- 648. 
perties, there is no Body can in the leaſt doubt, and 
this is confirmed by Experiments too; becauſe the 
Effects of different Exhalations are different in them- 
ſelves. 

While the Parts which form elaſtick Fluids, after 6 49. 
their ſeparation from Bodies, do remain in thoſe Bo- 
dies, they cannot be reckon*d among ft elaſtict Fluids; for 
th n thoſe Parts cohere to one another, or to other 
Parts of the Bodies, and are deſtitute of any repel- 
lant Force, 

And for this Reaſon, thoſe Parts do take up but 
a very ſmall Space, compar'd to the Space which 
they fill up, when they have acquir'd their Elaſti- 
city, eſpecially if the elaſtick Fluid be ſomewhat 
comprelled. 

T his clearly appears in thoſe Bodies which are in- 650. 
tirely converted into an elaſtick Fluid. The ſolid 
Body Ice, whoſe Parts cohere together, is firſt tur- 
ned into Water, upon the leſſening of their Cohe- 
ſion, and afterwards into the elaſtick Body Vapor; 
and this Vapor, at leaſt, takes up a Space more than 
fourteen thouſand times the Space taken up by the 
Water, before it became Vapor, notwithſtanding its 
being compreſſed by the Weight of the whole At- 
moſphere: And who cannot fee that this Expanſion 
may be immenſely augmented upon taking away 
the Preſſure of the Atmoſphere? 

I ſhall obſerve ſome other Things concerning 631. 
Water; from this an elaſtick Fluid ariſes, without 
any ſenſible Diminution of its Bulk, either by means 
of Heat, Cold, or by taking away the Preſſure of 
the Atmoſphere ; and we obſer ve that the Separation 
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of this Fluid from the Water, very ſuddenly follows 
upon the immediate removal of all Preſſure (Exp.). 

But this elaſtict Fluid differs from the Air which 
covers the Surface of the Earth, though there is a 
great deal of it in the Air, and 1t 1s commonly ta- 
ken for Air it ſelf. | 

For if a Vial be firſt emptied of Air, or any 
other elaſtick Fluid by means of Fire, or any other 
way, and then it be filPd with Water, fo that a 
ſmall Bubble of Air remains, and the open End of 
the Vial be immerſed into a Veſſel of Water, that 
Bubble of Air in a few Days will all enter into the 
Water, and ſo will ſeveral Bubbles the one after ano- 
ther: But we may obſerve, in reſpe& to each of 
them, that a much greater Part of the Bubble en- 
ters into the Water the firſt Day, than there does 
in the following Davs. 

From hence it follows, that there are Parts or 
Corpuſcles in the Air, which more eaſily enter into 
the Water, than the reſt of the Air, and ſtay there. 

Hence it follows, that when Water is expoſed to 
the open Air, there is a great Quantity of that Mat- 
ter which eaſily enters into it; and that the Air 
which is gotten into it, is dillerent from the exter- 
nal Air. We obſcrve, moreover, that this Fluid di- 
lates itſelf more upon leſſening the Preſſure than ac- 
cording to the Rule of N* 632; and the Expanſion 
of this Fluid is immenſely great. 

I have obſerved a Bubble of this Fluid, whofe Elaſ- 
ticity was only diminiſhed thirty times, while its 
Expanſion was increaſed fifteen thouſand rimes. 

But it takes up a very ſmall Space in the Water 
itſelf, becauſe, as we have faid above, its Separation 
from the Water is cauſed without any ſenſible Dimi- 
rution of the Water; and Monſieur Mariotte ſpeaks 
of an Experiment, wherein this elaſtick Matter caſt 
out of Water by Heat, when it became Cold, and 
ſuſtain'd the Weight of the whole Atmoſphere, took 
up ten times the Space that it poſſeſſed when it was 
in the Water. 
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If theſe things be compar'd together, who does 655. 


not perceive, that this matter may be dilated one 
hundred thouſand times? 

From whence we gather, that the Particles of elaſtict 
Fluids are not of the ſame Nature with other elaſtick 
Bodies; becauſe the ſeveral Particles of theſe cannot 
expand themſelves one hundred thouſand times and 
more, and at the ſame time the Surfaces be entirel 
kept free from all Irregularities and Angles; for in 
all Expanſions the Parts eaſily move amongſt them- 
ſelves: Therefore it follows, that the Particles do not 
touch, though they repel one another; and ſuch is the 
Property of the Particles already mention'd (40.), 


CHAP. XV. 


Of the Air-Pump, and ſome other Machines, 
whoſe Effects depend upon the Air. 


* HE Air's Elaſticity is the Foundation of the 
Conſtruction of a Machine, by which the Air 
may be drawn out of any Veſſel: It is calPd an Air- 
Pump, which is made ſeveral ways. The chief Part 
in all of them is a Barrel or hollow Cylinder of Me- 
tal, poliſhed within fide : In this Barrel there moves 
a Piſton, that moſt exactly fills the Bore or Cavity, 
ſo that no Air eſcapes out between the Piſton and 
the Bore. This Piſton is thruſt down cloſe to the 
Bottom of the Barrel, and then raiſed up after ſuch 
manner, ſo as to exclude all the Air from the Ca- 
vity of the Barrel. If this Cavity has a Communi- 
cation with any Veſſel, by means of a Tube at the 
Bottom of the Barrel, the Air in the Veſſel will be 
expanded, and part of it will enter into the Barrel, 
fo that the Air in the Barrel, and the Air in the 
Veſſel, will have the ſame Denſity. Let the Com- 
munication between the Veſſel and the Barrel be 
ſtopped, and letting the Air out of the Barrel, pur 
the Piſton cloſe to the Bottom. If the Piſton be 
pulled up a ſecond time, and the Communication 
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between the Barrel and Veſſel aforeſaid be opened, 
the Denſity of the Air, in the Veſſel, will again be 
diminiſhed ; and repeating the Motion of the Piſton, 
the Air in the Veſſel will be reduced to the leaft 
Denſity. Yet by this Method, all the Air cannot 
be exhauſted ; for at every Stroke the Air is ſo ex- 
panded, that it has the ſame Denſity in the Barrel 
as in the Veſſel, in which laft therefore there is al- 
ways a little Air left. | 

Hut after the Elaſticity of the Air is diminiſhed as 
much as poſſible by this Operation, we can form no 
Judgment of the Denſity from it, as in ſmall Dila- 
tations (632.). And this Elaſticity of the remain- 
ing Air is not the ſame at all times, nor is it ſen- 
ſibly lefſen*d by the Dilatation (Exp.). 

All Air-Pumps have in common the Parts above- 
deſcribed, yet they differ in ſeveral other things. 
But it is enough for us to ſhew here how the Ai 
may be drawn out of a Veſſel by this Pump. 

Many Experiments are made by means of this 
Machine, by which the ſeveral Properties of the 
Air, that we have mention'd, are confirm'd and 
illuſtrated : It ſhews the Weight of the Air con- 
tain'd in a Veſſel, and many other things worthy 
of Notice are found out by it, and expoſed to 
view (Exp.). 

The Effects of many Machines do depend upon 
Air, whoſe Explanation is eaſily deduc'd from what 
has been ſaid, as may be ſufficiently illuſtrated by 
one or two Examples. 

If there be a curve Tube, having one end immer- 
ged in a Veſſel of Water, and the other end de- 
ſcends below the Surface of the Water: If by ſuck- 
ing, or any other way, the Air be taken out of this 
Tube, the Water will run out. This Inftrument is 
call'd a Syphon. | 

This Effect is cauſed by the Preſſure of the Air 
which puſhes the Water along, the Syphon, b 
preſſing upon the Surtace of the Water in the a 
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The Air preſſes alſo upon the Water that goes out 
of the Orifice of the Syphon, and ſuſtains it. Theſe 
Preflures are equal, and act contrariwiſe in the u 
per Part of the Syphon, with a Force equal to the 
. 40 of the Atmoſphere: When the Weight of 
the Columns of Water ſuſtained by the Preſſure is 
taken away, the Column of Water in the outward 
Leg of the Syphon is longer than the oppoſite Pillar 
of Water in the other Leg: Therefore the Preſſure 
of the Air 1s more diminiſhed on that Side, and the 
oppoſite Preſſure overcoming it, the Water runs out. 
Exp.). 
Common Pumps conſiſt of two Pipes, ſo ſeparated 663. 
by a Valve, that the Water can ariſe out of the Lower 
into the Upper, but not fall down out of the Upper 
into the Lower: The upper Pipe is the ſhorteſt, 
and in this there moves a Piſton covered with Lea- 
ther, having another Valve in it like that before-men- 
tioned. 

Let the Piſton be prefſed down to the Bottom of 
the upper Pipe, and let Water be poured into it to 
hinder the Paſſage of the Air. If the End of the 
lower Pipe be immerſed in Water, and the Piſton be 
raiſed up, the Water will aſcend into the upper Cy- 
linder or Pipe, out of which ir cannot deſcend ; and 
therefore when the Piſton is preſſed down, the Water 
comes up through it. If the Piſton be raiſed again, 
the Cylinder will be again filled with Water, and 
the firſt Water riſes in the upper Pipe, and flows 
out of a Pipe joined to that (Exp.). 


C HAP. XVI. 


Of the Undulatory or Wave-like Mot ion of 
the Air, as likwiſe concerning Sound. 


F the Air be any how agitated, the Particles mo- 664. 
ved go out of their Place, and cauſe the Particles 
next to them to poſſeſs a leſs Space; and whilſt the 
Air is dilated in one Place, it 1s 2 
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Laco next to it; the compreſſed Air, by the Re- 
ſtitutiog of its Spring, not only returns to its firſk 
State, but 1s alſo dilated by the — acquir'd by 
the Particles receding from one another beyond 
their firſt Diſtance. 

The Air being firſt dilated by that Motion, re- 
turns to its firſt State, and the Air towards other 
Parts is compreſſed. This again happens when the 
Air laſt compreſſed expands it ſelf, and thereby a 
new Compreſſion of Air is produced. Therefore 

om any Agitation there ariſes a Motion analogous to 
the Motion of a Mave on the Surface of Water (536.). 
And the Air thus compreſſed, with a Dilatation fol- 
lowing, we call by that ſame Name, viz. a Wave of 
Arr. (537+): 3 

663. Compreſſed Air always dilates itſelf every way, 
and the Motion of theſe Waves, is the Motion of a 
Sphere expanding itſelf, juſt as the Waves move cir- 
cular on the Surface of the Water (539.). 

Whilſt a Wave moves in the Air, wherever it paſſes, 
the Particles are moved from their Place and return 
to it, running through a very ſhort Space in coming and 
oing. 1 

Pla. vin” T o explain the Laws of this Motion, let us con- 
Fy.3. ceive Particles of Air to be placed at equal Diſtances, 
- a, b, c, d, Cc. and F in a right Line. Let the 
Wave move along that Line, and ſuppoſe it to be 
come forward, as far as between b and p; and that 
the Air is dilated between 5 and h, but compreſſed 
between h and p; as all this 1s repreſented in the 
Line 1. 

667. The greateſs Denſity is at m, the middle Point be- 
tween h and p, and the greateſt Dilatation is in the Mid- 
ale e between b and h. | 

668. N herever the neighbouring Particles are not 
diſtant, the Motion, ariſing from the Elaſticity, cauſes 
the leſs diſtant Particles to move towards thoſe that are 
more diſtant (637.) ; and this Motion, only ſetting 
aſide all other Motion acquir'd, is to be examin'd 
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Between b and e there is a Preſſure from b towards 669. 
e, that is, conſpiring with the Motion of the Wave, 
and another ſuch between m and p. 

But there is a contrary Preſſure between e and m, 670, 
from m towards e. 

At m and e, where the Directions of theſe Actions 671, 
are changed, no Action ariſes from the Elaſticity, be- 
cauſe the adjacent Particles are ſuppoſed to be equally 
diſtant. 

In the Places b, h and p, the Difference of the 672. 
Diſtances of the adjacent Particles is the greateſt of 
all; and therefore, the Action of the Elaſticity is the 
greateſt there. | 

From hence we gather that a Particle according to 673. 
its different Place in a Wave ſuffers a different Action 
from the Elaſticity by which its Motion is genera- 
ted, accelerated, diminiſhed or deſtroy'd. Therefore 
the Direction of the Motion of a Particle cannot be 
determined from the Action of the above-mentioned 
Particle only, and that does not always agree with 
this Direction, and the Motion of the Particle is 
changed every Moment. 

All the Particles between 6 and p are carried ac- 674- 
cording to the Order of the Letters; the Particles 
between h and p continue their Motion, and the o 
Reſt between h and þ return towards &, as we ſhall | 
ſee hereafter. 

Theſe continue in the Motion by which they re- 
turn, until by the Action of the Elaſticity, whoſe 
Direction is changed in the Point e, the Motion 
acquired a- new be deftroy'd; in which Caſe a Par- 
ticle, as b, returns to Reſt in its former Situation. In 
the next Moment the Particle c comes to Reſt in its 
former State, but p comes on to 4, as in the Line 23 
and in equal Moments, the Wave ſucceſſively has 
all the Poſitions, as you ſee here in the Lines 1, 2, 3, 675. 

Sc. and 13; and whilſt the Wave comes from the 
Poſition in the LI ine 1, to the Poſition in the Line 
13, i runs through its * Breadth. 2 | 
T — 
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The Particle p in that Motion goes and comes, and 
the Motian of it is ſenſible in this Figure, and as it 
plainly appears, this Particle does ſucceſſively paſs 
9 8 - Situations of the Particles in a Wave. 
676. All the Particles are ſucceſſively agitated by the 

; like Motion; and if the Time be divided into 7 
Parts as there are Particles in the Breadth of a Wave, 
every Particle will be found in that Poſition in which 
the following Particle was the Moment aforegoing, which 
was longer in Motion by one ſuch Moment. 

The Motion of any Particle, as p, in going backwards 
and forwards, is analogous to the vibrating Motion of a 
Pendulum, whilſt it performs two Oſcillations ; that is, 
once goes and once returns. A Pendulum deſcends in its 
Oſcillation, and the Motion acquired conſpires with 
the Action of Gravity, and is accelerated by it, 
until it comes down to the loweſt Point of the Arch 
to be deſcribed, that 1s, to the middle of the Way 
to be moved through ; the Pendulum goes on by the 
Motion acquired which is deſtroyed by the Action 
of Gravity, whoſe Direction changes in this Point, 
whilſt the Body riſes up the other Part of the Arch 
* be deſcribed: This Body goes back with the ſame 

Ws. 

The Particle p is moved by the Elaſticity, and 
its Motion is accelerated by the Action of the Elaſti- 
city, until it comes to the Situation of the Particle 
m, in the Line 1, (669.), which Situation appears 
in the Line 4, in which the Particle p takes up the 
middle Point of the Space, in coming and going. 
tho* the Elaſticity acts contrary to the Motion ac- 
quired, yet it continues its Motion (670.), until 
the Motion be quite deſtroyed by the Action of the 
ſaid Elaſticity, which happens when it has gone 
through a Space equal to that in which it was gene- 
rated; then the Particle p is in the Situation, ap- 
pearing in the Line 7, which anſwers to the Situa- 
tion of the Particle h, in the Line 1. then the Par- 
ticle returns by its Elaſticity, and is 1 — 

und 
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until it has acquired the Situation of the Particle e, 
of the Line 1. (670.), as in the Line 10; that is, 
until it comes again to the Point that is in the middle 
of the way to be run through, as in the Line 4. the 
Particle continues returning until the whole Motion 
be deſtroyed by the Action of the Elaſticity, whoſe 
Direction is again changed; and then the Particle 
returns to its firſt Poſition, as in the Line 13, and 
there not being agitated by any new Motion, remains 
at Reſt. All which flow from the Demonſtrations 
in our Scholiums to the Elements. Therefore when 678. 
the Motion of a tremulous Body, which agitates the Air, 
ceaſes, there are no new Waves generated, and the 
number of the Waves is the fame as the number of 

the Agitations of that Body. 

If the Action of Gravity ſhould ceaſe after two 679. 
Vibrations of a Pendulum, as in the Air after the 
going and returning of a Particle, the Action of the 
Elaſticity upon that Particle ceaſes; the Motion of 
a Particle of Air, would in all things agree with the 
Motion of the Pendulum. In the middle Point of the 
Arch, which is to be run through by the Oſcillation, 
the Action of Gravity is nothing, and the Direction 
thereof is changed; in the middle Point of the Space 
to be moved through, by the Particle p in its going 
and coming, in which it is in the Line 4 and 10, 
the Situation of this Particle anſwers to the Situation 
of the Particles mz and e, in the Line 1, in which 
Points there is no Action of Elaſticity, and its Di- 
rection 15 changed (671.). 

In a Pendulum, the more a Body oſcillating is 680. 
diſtant from the loweſt Point, or middle of the 
Arch to be deſcribed, the more does the Force of 
Gravity act upon it; alſo the more diſtant the Par- 
ticle p is from the middle Point of the Space to be 
run through, the greater is the Action of rhe Elaſti- 
city upon it, and in the Lines 1, 7, and 13, in 
which the Particle is moſt diſtant from the Point 
above-mentioned, the Situation of it agrees with rhe 
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Points b, h, and p, in the Line 1, in which the 
Action of the Elaſticity is greateſt of all (672.). 

By which Law is determin'd the Action of the Ela- 
ſticity, ſince it increaſes when the diſtance from the 
often-mentioned middle Point increaſes, from the Law 
of the Elaſticity of the Air itſelf, whoſe Particles fly 
from one another with a Force which is inverſely as 
the Diſtance between the Centres of the Particles 
(637.): And we have demonſtrated in the Scholiums 
to our Elements, that the Action of the Elaſticity 
upon a Particle, as p, increaſes or diminiſhes in Pro- 
portion to its diſtance from the Middle of the Space 
to be run through. 

681. For which reaſon, every Particle in its Motion 
goes and returns, according to the Law of the Motion 
of a Pendulum oſcillating in a Cycloid (216.) 
682. We have demonſtrated alſo in thoſe Scholiums, 
that the Velocity of a Ware is equal to that Velocity 
which a Body acquires in falling from one half the 
Height that the Atmoſphere would have, if whilſt the 
Duantity of the Air remains the ſame, it would every 
where have that Denſity, which is has in the Place 
wherein the Wave moves. And the Demonſtration 
obtains whatever be the Breadth of the Wave, and 
whether the Particles in going and coming run thro' 


683 


that all Waves move with the ſame Velocity. 
This is all true when the Height of the Atmoſ- 

phere, 22 it every where of the ſame Denſity, 
remains the ſame; but if it alters, the Velocity of the 
684. Wave alters too; and the Square of the Velocity is in 
the Ratio of that Height (682, 186.). 
685. But the Height of the Atmoſphere often alters; 
for when the Elaſticity remains the ſame, the Denſity 

of the Air often varies; and the Elaſticity may be 
changed while the Denſity remains the ſame: laſtly 
they very often both together change. 

In the firſt Caſe, viz. when the Elaſticity remains, 

and the Denſity varies, whilſt the Air is ſuppoſed 


every 


a greater or leſſer Space; therefore it is evident 
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every where of the ſame * the Height is 

changed, but the Quantity of the compreſſed Air 

does not vary; becauſe the Weight thereof is equal 

to the Elaſticity (175.), and the Height is the Space 

taken up by the Air; and fo is inverſely as the 

Denſity (443.) ; therefore the Squares of the Velocities 
of the Waves are inverſely as the Denſities (684.). 

When the Denſity remains the ſame, but the Elaſti- 68 6. 
city varies, the Height of the Atmoſphere is chan- 
ged in the Ratio of the compreſſing Weight, that is, 
in the Ratio of the Elaſticity (175.). Therefore 
the Squares of tbe Velocities of Waves are as the De- 
grees of Elaſticity (684.) 1h 

if both the Velocity and Denſity too do differ, 687. 
the Squares of the Velocities of the Waves will be in @ 
Ratio compounded of the direft Ratio of the Elaſti- 
city (686.) and of the inverſe Ratio of the Den- 
ſity (685.). 

When the Denſity and Elaſticity do increaſe or decreaſe 688. 
in the ſame Ratio, the inverſe Ratio of the Denſity 
deſtroys the direct Ratio of the Elaſticity, and the 
Velocity of the Waves will not be changed. 

This laſt Caſe happens from the Compreſſion of the 
Air, in which alſo, if the Tenor of the Air remains the 

. fame as to the reſt, the Height of the Atmoſphere, 
ſuppoſing it to be every where of the ſame Denſity, 
is not leſſen'd; for it is reduced to a leſs Space in 
Proportion to the ſuperadded Weighr. Therefore 
from the changed Height of a Column of Mercury, which 689. 
is ſuftain'd in the Torricellian Tube by the Preſſure of 
the Atmoſphere (623.), (which ſhews that the Weight 
by which the Air is compreſſed near the Earth is 
changed,) we cannot be certain whether the Velocity of 
the Haves does alter. For the ſame reaſon the Waves 690. 
are moved with the ſame Velocity in the Top of a 
Mountain as in a Valley, if the Tenor of the Air be 
not changed, by reaſon of the Height of the two 


Places (641. 647.). 
8 N 3 Becauſe 
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691. Becauſe the Elaſticity of the Air is augmented by 
Heat, or leſſen'd in Denſity (641.), it follows 
that a Wave moves faſter in Summer than in Winter. 

692. The Height of the Atmoſphere, ſuppoſing it to 
be every where of the ſame Denſity, is found out 
by meaſuring the Height of the Column of Mer- 
cury in the Torricellian Tube, which is balanced by 
the Preſſure of the Atmoſphere (622.), and by com- 
paring the Denſity of the Air with the Denſity of 
the Mercury'; which may be done by weighing the 
Air; and when the Height of the Air is found out, 
the Velocity is had by Experiments with Pendulums, 
which a Body acquires in falling from one half that 
Height (218. 220.) . 

693. The Motion of the Air ariſing from this Compu- 
tation, depends wholly upon the Elaſticity, and the 
Computation would be exact, if the Particles them- 
ſelves had not a ſenſible Proportion to the Interſtices 
between them; but if we ſuppoſe here that the ſaid 
Proportion is ſenſible, the Motion of the Waves 
will be ſwifter; for it is propagated through ſolid 
Bodies in an Inſtant; which alſo may be ſaid of two 
heterogeneal Corpuſcles ſwimming in the Air. 

694. But we have conſider'd the Particles of the Air as 
Points, and the Velocities found out upon this ſuppoſition, 
muſt be increaſed in the Proportion of the Matter to the 
Tater ſlices, in order to have the true Velocity. 

695. Therefore ſ long as the ſame Air preſerves its Den- 
ſity, the Augmentation of the Velocity is in the ſame 
Ratio with the Velocity itſelf. 

696. But when the Denſity is changed, the Augmentation 
is not only in the Ratio of the Velocity, but alſo in the 
Ratio of the Matter to the Matter inthe ſame Line, 
which is the Ratio of the Cube Root of the Denſity. 

69%. Uf the Air be aiſjerent, this Rule does not obtain, for 
the Particles themſelves, when the Denſity remains 
the ſame, may have a different Denſity; and the 
Ratio of the Diameters of the Particles to the Inter- 
ſtices will be alter'd. 


The 
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The Motion of the Waves in the Air produces Sound; 698. 
But before we treat —— the ſame, we muſt la 
down a few things in general relating to the Senſations, 

So ſtrict is the Union between the Body and the 699. 

Mind, that ſome Motions in the Body do as it were 
cohere with certain Ideas of the Mind, and they can- 
not be ſeparated from each other. New Ideas are 
every Moment incited in the Mind, by the Motion 
of the Nerves, and ſuch are the Ideas of all ſenſible 
Objects; yet we find nothing common between the 
Motion in the Body and the Idea in the Mind. 
We cannot perceive their Connexion, or whether 
there be any at all. There are innumerable things 
in Nature hidden from us, which even our Ideas 
cannot attain too. But this Connexion does not re- 
late to Phyſicks. 

Therefore when a Senſation is to be explain'd in 700. 
Phyſicks, we ought to ſhew how the Motion of a 
Body which cauſes Senſation acts upon our Nerves, 

Bodies which produce Sound, do generate Wa =. 
in the Air by the tremulous Motion of their Part- 
the undulatory Motion of the Air agitates the Tym 
panum or Drum of the Ear, by which means a Mo- 
tion is communicated to the Air contain'd in that 
Organ; which being convey'd to the auditory 
Nerve, excites in our Mind the Idea of Sound. 

The Structure of the Ear, both internal and ex- 
ternal, is wonderful. But here we treat of the Mo- 
tion of the Air. 

That it is the Vebicle of Sound, appears by Expe- 702. 
riments (Exp.). 

That the Air is the Vehicle of Sound, and that 
Sound is moved through it without the Air's being 
carried from one Place to another, evidently follows 
from this alone, viz. that in Sound there is an undu- 70g. 
latory Motion of the Air, and that Sound ariſes from 
the tremulous Motion of Bodies, This is paſt doubt in 
Wires and Strings of Muſical Inftruments, becauſe 
2 Sound ariſes upon giving them a tremulous Motion 


4 or 
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or Agitation. In great Bells, and many other Bo- 
dies, this tremulous Motion is very ſenſible; but it 
will become viſible by an Experiment made upon a 
ſounding Glaſs Bell (Exp.). 

704. Vet notwithſtanding the Sound does not immediately 
depend upon that vi ſible Motion, but by another tremu- 
lous Motion, by which the ſmall Particles in the Mo- 
tion aforemention' d are affected (Exp.). 

705. HA Body that is firuck continues to give a Sound ſome- 
time after the Blow ; for an agitated Fibre will con- 
tinue 1ts Vibration ſome time, becauſe of the Ela- 
ſticity (410.). 

706. 0 Sound alſo ceaſes when the tremulous Motion ceaſes 
(678.) | 

We often ſee that a Body gives a Sound, although 
the Air agitated by it has no Communication with 
the outward Air; whence it follows, that by the 
Agitation of the Air, the Fibres of which Bodies conſiſt, 

"awhich are ſtruck by the Waves, are moved; which 

Motion is carried into the outward Air. 

This Conveyance of the Sound, by the tremu- 
lous Motion of the Fibres, 1s very remarkable (Exp.). 

As Sound is propagated through ſolid Bodies, ſo like- 

ie is it through Fluids; but in this laſt Caſe it is very 
weak (Exp.). 

o.. De Velocity of Sound is the ſame as the Velocity of 

709 the Waves, which ſirike the Ear. And to this muſt 
be referred what has been ſaid of their Velocity 
(682. 683. 685. 686. 687. 688. 689. 690. 691. 694. 
695. 696. 697.). As to N* 682. we muſt obſerve, 
that the Velocity of the Sound cannot be determined 
by Calculation (692.), For the Proportion between 
the Diameters of the Particles and the Interſtices 
between them is not known, nor how large a Space 
the heterogenous Particles take up in the Air. But 
the Velocity of Sound may be obtain'd immediately 
from Experiment. 1 


\ 
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If a Flaſh of Fire goes off in the Night with 2710. 
Noiſe, and a Spectator ſtands at any meaſur'd Di- 
ſtance from that Flaſh, and with a Pendulum mea- 
ſures the Time between ſeeing the Light and hearing 
the Sound, he will have the Velocity of the Sound ; 
for the Motion of the Light, at leaſt through the 
Space which ſuch an Experiment can be made in, is 
inſtantaneous. 

It appear*d by an Experiment of this kind made 711. 
in France, that Sound moved 1080 French Feet, 
that is, 1117 Rheneland Feet, in one Second of 
Time: But this Velocity is not conſtant (691.). 

If at the ſame Time in which the Velocity of 712. 
Sound 1s determin'd by this Method, you find out 
the Space moved through by the Elaſticity (682. 
692.), the Acceleration of the Sound will be had 
from the thickneſs of the Particles and the hetero- 

neous Matter. 

The Velocity of Sound is equable (683.) ; yet in going 713. 
through à great Space it is ſometimes accelerated or re- 
tarded (686.), from the different Degrees of Elaſti- 
city and Denſity, which often happens in different 
Places (641.). 

The Velocity of Sound does not much differ, whether 714. 
it goes with or againſt the Wind. A certain _ 
of Air 1s carried from one Place to another by the 
Wind; the Sound is accelerated, as long as it moves 
along that Part of the Air, if the Direction of the 
Sound be the ſame with the Direction of the Wind ; 
but as Sound moves very ſwift, it will run th 
the Air which is agitated by the Wind, and the 
Acceleration will not laſt long, which indeed is not 
very greatz for the Velocity of the moſt violent 
Winds which are ſtrong enough to root up Trees 
and throw down Houſes, is to the Velocity of Sound 
but about as One is to Thirty-three. By the ſame 
Argument it is proved, that the Wind occaſions but 
a ſmall Retardation when the Sound moves againſt 

It 
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715.it. The Space which the Particles move th 


as _y come and go, may be increaſed and dimi- 
niſhed by the Wind; and therefore the Sound may 
be heard at a greater or ſmaller Diſtance, according to 
the Direction of the Wind. 


716. The Intenſity of Sound depends upon the Strokes 


717. 


718. 


719. 


of the Air upon the auditory Nerves; and thoſe 
Strokes are as the Quantities of Motion of the Par- 
ricles ſtriking. : 

Theſe Forces are as the Number of the Particles 
moving againſt the Drum of the Ear at the ſame 
time, and as the Squares of the Velocities of thoſe 
Particles (304.). 

Therefore in determining the Intenſity of Sound, the 
Denſity of the Air muſt be conſider d, the Velocity of the 
Sound, the Space moved through by the Particles in going 
and returning, and the Number of the Waves ſtriking 
the Ear at the ſame time. 

All things remaining as before, if the Weight by 
which the Air is compreſſed be only changed, the Space 
moved through by the Particles in going and com- 
ing will not by that be changed, which only varies 
upon the Augmentation or Diminution by the tre- 
mulous Motion of the Particles of a Body ; nor will 
the Number of the Waves be changed, for theſe 
alſo depend upon the tremulous Body; neither is 
the Velocity of the Sound alter'd (689.); ſetting 
aſide the Acceleration we have ſpoken of in Ne 694. 
which is not to be conſider'd here, becauſe in this 
Place the Velocity we are treating of, is that with 
which every Particle is moved ; therefore the Den- 
fity only varies (717.), that is, the Number of Par- 
ticles moving in the given Time is only changed, in 
which Ratio the Intenſity of the Sound is changed, (716.) 
that is, in the Ratio of us Denſity, which is, in the 
Ratio of the compreſſed Weight (632. 443.) (Exp.). 

When all things remain as before, but the Force by 
which the Particles, fly from one another be increaſed, 
the Denſity decreaſes in the ſame Ratio as that 


Force 
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Force increaſes; and we demonſtrate in the Scholiums 
to our Elements, that he Intenſity of Sound (all things 
elſe being the ſame) increaſes in the [ame Ratio as the 
ſquare Root of the Denſity decreaſes : From whence it 
follows, that in Summer (all things elſe remaining) 
the Intenſity of Sound is greater than in Winter (Exp.). 

There is alſo a Difference of Sound ariſing from 721. 
the Number of the Vibrations of the Fibres of the 
ſonorous Body ; that is, from the Number of the 
Waves produced in the Air at the ſame Time ; for 
according to the different Numbers of the Percuſ- 
ſions in the Ear, the Mind receives a different Sen- 
ſation. 

A muſical Tone depends upon this Number of Vibra- 722. 
tions, which is ſaid to be ſo much the more Acute, as 
the Returns in the the Air are more frequent ; and the 
more Grave, the leſs the Number of Waves is. 

And the Degrees of the Sharpneſs of different Tones, 723. 
are to one another as the Number of the Waves which 
are produced in the Air at the ſame Time. 

A Tone does not depend upon the Intenſity of the Sound, 724. 
and an agitated Wire or String gives the ſame Sound, 
whether it goes and comes in a greater or leſſer Space 
(411. 722.). 

Concords ariſe from the Agreement between the diffe- 52 5, 
rent Motions in the Air, which affect the auditory Nerves 
at the ſame Time. 

If two tremulous Bodies perform their Vibrations in 726. 
the ſame Time, there will be no Difference between 
the Tones; and this Agreement, which is the moſt 
perfect of all, is called a Uniſon. 

If the Vibrations be as One to Two, this Concord is 727. 
called an Octave or Diapaſon. 

If they be as Two is to Three, that is, if the ſecond 728. 
Vibration of one Body always agrees with the third 
of another, ſuch a Concord is called a Fifth or Dia- 
pente. 

Vibrations which are as Three is to Four, produce a 729. 
Concord called a Fourth or Diateſſaron. 
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730. A Ditone is when the Returns of the Air are as Four 
is to Five. i 

731. And à Seſquiditone is @ Concord ariſing from the Con- 
currence of the fifth Vibration of one Body with the 
Sixth of another. 

732. Concords produced fromthe Agitations of Strings, 
if they be of the ſame Kind, are eafily determined 
from their Dimenſions and Tenſion; for the Agi- 
tations of the ſmall Parts do depend upon the Agi- 
tations of the whole Strings. 

733. All things elſe remaining, if the Lengths of two 
Strings be to one another as the Number of Returns in a 
Concord, the Concord or Conſonance between th Sounds, 
which the Strings produce, will be had (413.). 

734. The ſame will happen when all things elſe remaining 
the = the Diameters have the aforeſaid Proportion 
(414). 

735. Alſo, if all things elſe remaining the ſame, the Pro- 
portion of the Vibrations in a Concord be given between 
the ſquare Roots of the Tenſions (412.). 

736. Aud generally, ſuppoſing any Strings of the ſame Kind, 
if the Ratio be compounded of the direct Ratio of the 
Lengths, and that of the Diameters, and of the inverſe 
Ratio of the ſquare Roots of their Tenſions, be the Ratia 
between the Numbers of the Vibrations performed in the 

fame Time in any Conſonance whatever, you will have 
that Conſonance by the Agitation of thoſe Strings (415.). 

Muſicians have tried all theſe things by Experiments. 

They have obſerv'd a very notable Phenomenon 
about theſe Strings, whoſe different Caſes are well 
worth explaining. 

737 Let any Muſical Strings be ſo firetched as to perform 
their Vibrations in the ſame Time; if one of them be 
agitated, the other will be agitated alſo. Every Wave of 
the Air ariſing from the tremulous Motion of the firſt 
String, ſtrikes the ſecond String, and communicates 
a ſmall Motion to it; and goes backwards and forwards 
ſeveral times, even from the leaſt Motion (410.), 


being 
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the ſecond Wave comes forwards, whoſe Motion 


conſpires with the Motion of the String, and acce- 
lerates it (411.). What is ſaid of the ſecond Wave is 
true of the other Waves which follow, and there 
will be an Acceleration till the Motions of the Strings 
be nearly equal. 


It follows from the ſame Demonſtration, that one 738. 


agitated String communicates Motion to another, which 
performs two or three Vibrations whilſt the firſs per- 
forms one. 


And if the agitated String performs various Vi- 739. 


brations, whilſt the String which is to be moved by 
the Air can perform one, it would follow from the 
Demonſtration aforegoing, that it muſt communicate 
a particular Motion to it, To find out which, it 
muſt be obſerv*d, that the Duration of the Vibra- 
tion, and the Length of the String are reciprocal in 
ſuch ſort, that every thing elſe continuing as be- 
fore, the determin'd Length can no way be ſepara- 
ted from the determinate Duration of the Vibra- 
tion. If therefore any String be ſtruck with ſeveral 
Strokes, by which Motion 1s communicated to ir, 
and the Strokes are more frequent than what is 
agreeable to the Length of the String, that part of 
it whoſe Length agrees with the Duration of the 
communicated Vibrations, will be agitated only, and 
there will be a ſort of undulatory Motion commu- 
nicated to the String; and the Length of the 
Waves in the String will depend upon the Dura- 
tion of the Vibration that is communicated, that is, 
upon the Time between the Strokes. 


Let there be tus Strings, the one of which vibrates 740 | 


twice whilſ# the other vibrates once, and let the ſirſt 
String be put in Motion, the Duration of the Vibra- 
tions communicated to that String by the Motion of 
the Air, agrees to a String of half its Length (413.), 
and ſuch is the Length of the Waves in it. * 
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fore the String is divided into two equal Parts by the 
communicated Motion, and the middle Point is at Reſt. 
This is confirmed by an Experiment, viz. laying a 
Piece of Paper upon a String, to which the Moon 
is communicated ; for if it be put upon the middle 
Point of the String it will have no Motion, though 
in every other Place it will be affected with a tre- 
mulous Motion. 
741. If one String which is put in Motion in order to cauſe 
Motion in another, performs three Vibrations whilſt the 
String to be moved performs but one, this laſt will be 
divided into three Parts by the Motion communicated, 
and there will be two Points of Reſt, which is likewiſe 
confirmed by an Experiment like that above- 
mention*d. All other Caſes of communicated Mo- 
tion, which Muſicians have obſerved, are eaſily de- 
duced from what has been faid. 


742. What has been ſaid of the Reflection and In- 


flection of the Waves in Water (541.543-544-545.) 
may be referred to the Reflection of the Waves in 

the Air, the Elaſticity in this Caſe producing the 
2 Effect as the Preſſure of the raiſed Water in 

at. | 

743. From the Reflection of Sound there often ariſes a 
Repetition of it, which is calPd an Echo. If the ſe- 
veral Parts of the fame Wave expanding itſelf ſphe- 
rically (665.) ſtrike upon different Surfaces, fo that 
being reflected they meet, the Motion of the Air 
will be ſtronger then, and the Sound will be hear'd. 
744. The ſame Sound is often repeated ſeveral times, from 
the different Parts of the fame Wave reflected to 
different Diſtances, ſome of which alſo ſucceſſively 
meet in the ſame Place. Sometimes we have ſuch a 
Repetition from the Repetition of Reflection. : 
745. Sound is often increaſed by Reflection in à Tube, as 
we find in Speaking-Trumpers. The moſt perfect 
Figure that theſe Tubes can have, is that generated 

by the Rotation of a Parabola revolving _— 2 

| ine 
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Line parallel ro the Axis, at a fourth Part of an 
Inch diſtance. For if any Body ſpeaks in ſuch a 
Tube, putting his Mouth in the Axis of the Tube, 
and in the Focus of the Parabola, the Waves will 
be ſo reflefted, that every one of their Parts will 
acquire a Motion parallel to the Axis of the Tube; 
by which means the Force of the Wave, and that 
ef the Sound too, will be very much increaſed. The 
greater End of the Tube, from which the Sound 
goes out, muſt be bent ſo as to have the Shape of 


ones Lips, and thereby the Wave may more eaſily 


be ſcatter*d every way (Exp.). 


The End of the Second Book. 
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PART I. Of Fire. 


| CHAP. L 
Of the Properties of Fire in General. 


H O” Philoſophers know a few Properties of 
Fire, yet many things relating to it are con- 
ceal'd from them. I ſhall not invent Hypotheſes, 
but ſhall lay together, in as good order as I can, ſuch 


general things about it as appear to me to be dedu- 
ced from Experiments. 


746. The intimate Nature of Fire is unknown; but 

747. wherever we find Heat and Light, we ſay that there 
is what we call Fire. 

Therefore in order to inquire into the Properties 
of Fire, we muſt examine ſuch Bodies wherein we 
diſcover one or the other of theſe Tokens of the 
Preſence of Fire. 

748. For we do not every where find both theſe toge- 
ther; in ſeveral hot Bodies we can perceive no Light; 
neither in ſeveral light Bodies can we diſcover any 
Heat. But whether there be really ſuch a Separa- 
tion, we ſhall examine hereafter (772.). * 
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We ſhall alſo ſee, though perhaps it cannot be 749. 
fully demonſtrated, that Heat and Light proceed from 
the ſame Cauſe, which, notwithſtanding, there is no 
Body can doubt. 

Fire penetrates into all Bodies, however denſe and 7 50; 
hard; at the fame Time alſo Heat is communicated 
into their inward Parts. | 

Fire unites itſelf to Bodies; for that which ſtays in 731. | 
the Surface, is alſo tranferred with the Bodies. | 

We jee alſothat Fire is attrafted by Bodies at a certain 752. 
Diſtance. 

Moreover, we have no Knowledge of any Bodies but 757. 
what contain Fire in them. 

Yet Fire does not enter into all Bodies with the ſame 7 54: 
Eaſe; which is to be attributed to ſeveral Cauſes, 
not known: It appears by Experiments that when 
the Denſity is increaſed the Heat is diminiſhed, and 
the Ingreſs becomes more difficult. 

The Fire contained within Bodies is kept there by the 755. 
Bodies that ſurround them. 

That Fire moves appears from what we now de-7 56. 
monſtrate, and that its Motion is exceeding ſwift, is 
manifeſt from that moſt violent Agitation which is | 
cauſed in Bodies, by the Action of Fire. 

When the Heat of Bodies is increaſed, their Bulk 757. 
is increaſed too; and therefore they are dilated or 
ſwelled by the Action of Fire, and very often upon the 
increaſe of the Dilatation, there are ſome Parts ſe- 
parated or flying out from the Bodies, which mutual- 
ly repelling one another by the Action of the Fire, 758. 
form an elaſtick Fluid; into which the whole Bodies 
themſelves are oftentimes turned by the Action of Fire. 759. 

But if this Motion in Bodies, by which they are 
dilated be increaſed, the Effect of it is changed, 
and the Parts of the fluid Bodies not yet ſeparated, 
be agitated with a very violent Motion, the Parts 
of the ſolid Bodies, which are not fo ſubtil, will al- 
ſo be ſeparated from the adjacent ones. 


— 
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760. Which Motion nevertheleſs is often attributed 
to the Action of ſubtil Particles moved by the Fire, 
and penetrating the Pores of the Bodies. 

761. F or that there are ſubtil Parts of Bodies, which are 
diſtinft from Fire, which penetrate Bodies by the Action 
of Fire, is evident from the increaſe of the Weight 

762. of ſome Bodies by the Action of Fire : Since Fire it- 

ſelf has no ſenſible Weight. 


CHAP. IL 


Some General Properties of Heat and Light, 


E have already obſerved (747.) that Heat 

and Light are the Tokens of the Preſence of 
Fire; we ſhall therefore often ſpeak of them, and 
_ general Properties muſt be taken notice of firſt 
of all. 

763. The Heat in a Body muſt be diſtinguiſhed from the 
Heat which we feel; for that is the Action of the 
Fire upon the Body, which is ſaid to be hot, from 
whence the Parts of the Body receive a certain Mo- 
tion, by which a Motion is communicated to ſome 
Parts of our Body, which is united with the Per- 
ception of the Heart. 

7604. But Heat, with regard to us, is nothing elſe but 
that Preception ; and all that is in the hot Body, is 
only the Motion ariſing from the Action of the 


Fire. 

765. The Light which ariſts from Bodies moves in right 
Lines, and thoſe Bodies from which it ariſes are 
call'd light Bodies. 

766. When Light enters into our Eyes, it moves the 
ſmall Fibres at the Bottom of the Eye; by which 
Motion the * of Light is produced in our 
Mind; and this Perception with regard to us is 
Light; but in regard to Bodies, Light is that 
which they emit into our Eyes. 

767. What has been before obſerved in general con- 
cerning the Senſations in N' 699. 700. muſt alſo be 
referred to Heat and Light. Ng 
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That the Motion of Light is in right Lines, 4 768. 
pears from its being eaſily ſtopped by an Obſtacle. 

But ſuch a Motion is not requir d in Heat, and the 769. 
Fire which is moved in different Lines excites a greater 
Heat, becauſe this appears to be augmented when 
the Parts of Bodies are ſubject to different Motions. 

All hot Bodies do not ſhine, as we daily obſerve; 770. 
but we cannot conclude from thence that there is 
not Light contain'd within them. For very often 
a ſmall Light which we do not perceive will be 
very ſenſible to other People; this depending upon 
the Conſtitution of the Eyes. From whence it 
follows, that there may be Light, though not per- 
ceived, becauſe of the too ſmall Quantity which 
the lucid Body emits. 

In like manner the Heat in a Body may be ſo 941, 
lefſen'd as to be inperceptible to us; for it often hap- 
pens that a ſmall Heat, which does not at all affect 
us at one time, will do fo very ſenſibly at another 
time: And therefore we cannot affirm that no Heat 
is in lucid Bodies, becauſe we do not obſerve any. 

Therefore we muſt make a doubt whether Heat and 752. 
Light can ever be ſeparated. | 

But that theſe are very often united, there is no 773. 
Body doubts, But whether both Heat and Light are 
juſtly faid ro be the Tokens of the Preſence of Fire, 
that is, whether we can aſcribe to the ſame Cauſe 
theſe two diiterent Phenomena, ſo as to entirely 
remove all Scruples, cannot be determined; yet, 
notwithitanding, the two following Conſiderations 
ſeem to ſhew that there is a poſſibility of determining 
this difficult Queſtion. 

In the firſt Place, there are many hot Bodies, whoſe 774. 
Feat being increaſed, do ſhine ;, and to do this there is 
only requir'd an increaſe of the Heat; and upon the 
leſſening of this rhe Light ceaſes, 

Secondly, In the Sun's Rays there is a very inti-775. 
mate Union between the Heat and Light. Thoſe Bo- 
dies which reflect a guy! Quantity of Light, do yow 

2 | 
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hot but ſlowly ; but thoſe which a greater Quantity 
of Light penetrates into, do acquire Heat more 
ſwift ; and whilſt the Light penetrates the Body, ir 
is not Light but Heat which is communicated to 
the Body. 

776. The Contrary ſeldom happens, as in the Bononian 
Stone, which receives Light by the Sun's Rays; for 
this Stone, when rag prepared, after it has been 
expoſed to the Sun's Light, will ſhine, if it be put 
in a dark Place, and the Light will conſtantly de- 
creaſe, and at laſt diſappear ; but will be reſtored 
again by a new Action of the Sun's Rays, and that 
ſeveral times. 

But from thence it does not follow, that the Cauſes 
of Heat and Light are different; for this Stone ac- 
quires from the Sun Heat along with the Light, the 
latter of which is leſſen'd, and ſcarcely ſenſible at 
the ſame time that the former 1s ſtill perceiv*d ; when 
other Bodies, by the ſame Action of the Sun's Light, 

777. do acquire Heat without any ſenſible Light. 

Even in the Moon's Light, which proceeds from 
the Sun there cannot by any Art be diſcover d any Heat; 

et there is nothing to be gather'd from thence that 
Liake and Heat are diſtinct. The Sun's Light, 
when reflected by the Moon, comes to us, is at leaſt 
one Hundred Thouſand, and perhaps more than ten 
Hundred Thouſand times leſſen'd, and yet is per- 
ceiv'd by the wonderful Structure of our Eyes: If 
the Heat were lefſen'd fo much, who could affirm 
that it ever would produce any ſenſible Effect? 


CHAP. III. 
Of the Dilatation arifing from Heat. 


778. W E have already ſaid that Bodies are dilated by 
Heat, but that Dilatation always increaſes as 

the Heat increaſes; and when this is lefſen'd, that 

is leſſenꝰd too, and forms a new Token of the Preſence 

of Fire, which is more certain, by what has been al- 
ready 
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tation, when at the ſame time the various Perceptions 
of Light, or Heat, can ſcarcely be compared toge- 
ther. 

It is evident, by Experiments, that Bodies are 779, 
dilated by Heat, Plates of Metals, heated either by 
Attrition or Fire, are expanded (Exp.). 

That Fluids, as well as Solids, are dilated by 780. 
Heat, may be daily obſerv'd in Thermometers, 
which are well known Inſtruments (Exp.). 

About theſe Inſtruments we muſt obſerve, that 78 1. 
they do indeed ſhew a Change in the Heat; but it 
is uncertain whether they ſhew the Degree of Heat, 
that is, it is not known what relation there is be- 
tween the Change of the Expanſion and the Change 
of the Heat, ſo as to enable us to compare together 
the Degrees of Heat, from the Compariſon of the 
Degrees of the Dilatation. 

If the Ball G, or Cylinder C, of the Thermo- 782. 
meter be ſuddenly heated, the Fluid in the Tube Pre IX, 
will immediately deſcend, but immediately after . 1. 
riſe. Becauſe of the ſudden Heat, the Glaſs itſelf 
grows hot ſooner than the Fluid contain'd init; and 
therefore the Glaſs being dilated by the Heat, the 
Cavity from thence grows bigger, and the Fluid de- 
ſcends, but immediately afterwards the Heat is 
communicated to the Liquor, and then it aſcends. 

From the Expanſion of Bodies it is evident, that 783. 
the Particles, of which Bodies conſiſt, acquire a repel- 
tent Force from the Action of Fire, by which they en- 
deavour to recede from one another, and which acts 
contrary (38.) to that Force by which the Particles 
come to each other. So long as this laſt Force ex- 
ceeds the other, the Particles cohere more or leſs, ac- 
cording to the Degree of Heat. When the repel- 
lent Force is nearly equal to the attractive Force, 
the Particles, which were before firmly join'd, 
ſcarcely cohere, yield to any Impreſſion, and are 
eaſily moved one amongſt another, if this be not 
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nted by another Cauſe ; whence we ſee that 4 

784. ſolid Body is changed into a Fluid by Heat ; which we 
may obſerve of all Bodies that are melted by Hear, 
a — to their firſt State when the Heat is dimi- 
niſh'd. 

785. Ir is a Queſtion whether all Huidity is not owing 
to Heat? But this cannot be determin'd; becauſe we 
know of no Body that is entirely without Fire in it. 
This is certain, that Heat is not only the Cauſe of 
the Fluidity in melted Metals, Wax, and ſuch like 
Bodies; but ſeveral Bodies which are commonly 
reckon'd amongſt Fluids, proceed only from Heat: 

786. Thus Water is melted lee; fr when part of the Heat 
of the Water 1s gone, it grows fixed. 

737. Heat may be ſo encreaſed, that in ſome Bodies the 
whole attracting Force is overcome by the repellent 
Force; in which Caſe the Particles fly from each other, 
that is, form an elaſtick Fluid (658.); in which 
alſo the Elaſticity is increaſed by Heat. We may 
obſerve ſuch a Formation in Vapours and Smoke. 

788. We may alſo refer to the Action of Fire that 
Separation of Parts, which ariſes from Putrefaction, 
Fermentation, and Efferveſcence, and form elaſtick 
Fluids; for it appears by Experiments, that ſuch 
a Separation enſues upon the Increaſe of the Heat; 
this is obſerv'd, even in frigid Eflerveſcences. For 
whilſt a Thermometer, immerſed in them, ſhews that 
the Heat is diminiſh'd, it is manifeſt by another, 
ſet over the Surface of the efferveſcent Matter, fo 
as not to touch it, that the Heat is there increaſed, 
where this other Inſtrument ſhews that an elaſtick 
Fluid 1s generated. 

539. Now the Quantity of elaſtick Vapours produced 
by the Action of Fire, will appear by the Zoli- 
pile, which is a Ball with a Tube fixed to it, hav- 
ing a Hole whoſe Diameter is not quite the 
twentieth Part of an Inch. Let this Ball, partly 
Fll'd with Water, be laid upon a Fire, the Moment 
that the Water is changed into Vapours, thoſe Va- 
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pours go out through the Hole ; but if the Heat be 
ſo increaſed as to make the Water boil violently, 
the Vapours compreſſed in the upper Part of 
Ball, will by their Elaſticity endeavour to recede 


from each other every way, and violently ruſh out 
of the Tube (Exp.). 


199 


We have a more ſenſible Effect of the Elaſticity 790. 


of Vapours. If the Hole be made bigger and ſto 

ped, and then the Ball be Jaid wes the Fire Al 
the Water boils violently: After this, if the Ball be 
ſet upon little Wheels, ſo as to move eaſily upon an 
horizontal Plane, and the Hole be opened, the 
Vapours will ruſh out violently one way, and the 
Wheels and Ball at the ſame Time will be carried 


the contrary Way (Exp.). 


The Vapours being very cans, -/ compreſſed, en- 791. 
ay, 


deavour to recede equally every and therefore 
the oppoſite Preſſures deſtroy each other; but upon 
the opening of the Hole, the Vapours which go out 
do not preſs: Therefore ſome Preſſure being taken 
off one Way, the contrary Preſſure prevails, and 
ſo the Æolipile moves along. 


A Sky- rocket when fired riſes up in the Air, be- 792. 


cauſe the Gun- powder ſet on Fire, acquires an Elaſti- 
city, and the Parts of it endeavour to recede every 
Way; and ſince its Tube is open at the Bottom, 
the Preſſure that way is the leſs; and conſequently 
the Preſſure prevails at the other End, and carries 


up the Rocket. 


CH AP. IV. 
Of the Fire contained in Bodies. 


wW E have already faid that Fire is contained in 793. 


all Bodies known to us; and this we find to 
be ſo, becauſe we every where find Fire : For there 
are no ſolid Bodies round the whole Surface of the 
Earth, but what may be made hot by rubbing ; 


but what is demonſtrated in the following Chapter, 
| | O4 docs 
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does more evidently prove, that there is Fire 
where throughout the Surface of the Earth; viz. 
that Heat is communicated from a Body which is 
hot, to another near it, which has not ſo much 
Heat : from whence it follows, that if there be any 
Body without Fire, and ſo without Heat, it will 
immediately receive Heat from the neighbouring Bo- 
dies. 

There are ſeveral very remarkable Phenomena, 
which are aſcribed to the Fire contained in Bodies; 
ſome of which ought to be mentioned: amongſt which 
chere are ſuch as have a near Relation to Electricity; 
ſor which Reaſon we muſt alſo treat of the Phenomena 
ct Electricity. 

DErINITIO . 
Electricity is that Property of Bodies, by which when 


they are heated by Attrition, they attract and repel 


light Bodies at a ſmall Diſtance. 


795. Take two Pieces of Rock Cryſtal, and rub them 


— 


79 


— 


F. ® 


together, and immediately they will appear lumi- 
nous all over, though they do rot acquire any ſen- 
ſible Heat by that Attrition. The greateſt Light 
is in thoſe Points where the Bodies touch one ano- 


ther (Exp.). 


A Glaſs Tube of about fifteen or eighteen Inches 
long, and one Inch in Diameter, will emit Light 
in a dark Place, by rubbing it with a linnen or 
woolen Cloth. | 

This Tube heated with rubbing, has a very ſen- 
ſible Electricity; for if light Bodies, ſuch as leaf 
Gold and Soot, be laid upon a Plane, and the Tube 
be brought near to them, they will be put in Mo- 
tion, . attracted, and repelled, and driven ſeveral 
ways by the Tube. And this Effect of the Tube, 
as to Diſtance, is different according to the different 
State of the Air; ſometimes it will be at the Di- 
ſtance of one Foot ; when the Air is full of Va- 
pours, this Effect is diminiſhed (Exp.). 

I a 
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There is one Thing very remarkable, and very 798. 


hard to explain in this Experiment ; viz. concern- 
ing the Direction of the Attrition. When you rub 
the Tube, one end of it is held in one Hand, whilſt 
you rub it with the other Hand; which if it be 
done from the Hand that holds the Tube towards 
the other End, the Effect will not be ſenſible ; but 
if you rub from the free End of the Tube to- 
wards the End held in the Hand, the contrary will 
happen. And this happens indifferently, whether 
the Experiment be made with a Tube open at one 
end and ſhut at the other; or whether the cloſed 
End of the Tube, or the open End be held in the 
Hand. Notwithſtanding you ought to obſerve 
here, that all Glaſs has not an equal Electricity : 
In Engliſh Glaſs it is but very little, and cannot be 
obſerved, unleſs in particular Conſtitutions of the 
Air. | 


A Glaſs Ball void of Air, of about eight or nine 799. 


Inches in Diameter ; if it be ſwiftly whirled about in 
the Dark, and at the ſame Time be rubbed by the 
Application of your Hand to it, will appear all lu- 
minous within, but moſtly fo where the Hand 
touches the Glaſs (Exp.). 


But if the Globe has Air in it, and it being 800. 


whirled about after the ſame Manner, the Hand be 
applied to it as before, no Light will appear either 
in the inner or outer Surface of the Glaſs : But 
Bodies at a ſmall Diſtance, as at a quarter of an 
Inch or leſs from the Glaſs, will become luminous; 
and ſo only thoſe parts of the Hand which are ap- 
plied to the Glaſs, and terminate or rather ſurround 
the Parts that immediately touch the Ball, are lu- 
minous (Exp.). 


This ſame Ball in Motion, being rubbed ſo as to 801. 


become hot, will exert a very ſenſible Electricity, 
both without and within, as appears by Threads, 
which point to the warm Parts of the Surface, by 
the Electricity only (Exp.). | 1 
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If the Air be drawn out of the Ball, this whole 
Effect ceaſes (Exp.). 

If we conſider all the foregoing Experiments, the 
following Concluſions ſeem to flow naturally from 
them, which we do not lay down as certain, but 
very poſſible ; for we muſt always make a Diſtinction 
between Certainty and Poſſibility. 

Glaſs contains in it, and has a certain Atmoſphere a- 
bout its Surface, which is excited by Friction, and put 
into a vibratory Motion (797. 801.)z for it attracts 
and repels light Bodies (797.): The ſmalleſt Parts 
of the Glaſs are agitated by the Attrition, and by 
Reaſon of their Elaſticity, their Motion is vibratory, 
and is communicated to the Atmoſphere before- 
mentioned; and therefore the Action of that At- 
moſphere reaches ſo much the further, as the Parts 


of the Glaſs are more agitated by a greater Attri- 
tion. 


$04. The Fire contained in Glaſs is expelled by the Action 


of this Atmoſphere, at leaſt it is moved with it; for 
when light Bodies are put in Motion at a Diſtance 
from the Glaſs, the Bodies become alſo luminous 
at a Diſtance (801. 800.). 

It is evident alſo, that this A!moſphere and the 
Fire, move more eafily in Vacuo. For if the Air be 
drawn out of the Ball, there is no Light perceived, 
nor any effect of Electricity on the outſide of the 
Ball (799. 802.) : But the inſide of the Ball appears 
very luminous, and this Fire is perceived to be 
in greater Quantity in this Experiment than in that 
of Ns 800. 


806. But the Action of the Electricity does alſo ceaſe 


on the Inſide, when the Air is drawn out (802.), 
which ſeems to overthrow what we ſaid of the more 
eaſy Motion of the Atmoſphere of Glaſs in Vacuo. 
Yet it is not probable, that it ſhould move no 
where in this Caſe. On the Contrary it ſeems to go 

the ſame way as the Firſt, and to move that wa 

where the Reſiſtance is the leaft ; and that the ceaſing 


of 
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of the Action of Electricity is to be attributed to 

the want of Air, by Means of which the Threads 

are moved by the Atmoſphere ; juſt as the Fire, which 807. 
freely penetrates all Bodies, acts violently upon them 

by Means of Air or Vapour (790.). 

But laying aſide Conjectures, though they are 
founded upon Experiments, let us return to other 
things relating to Fire. 

If a Glaſs Ball whirled about in the Dark be at 
the ſame time rubbed ſo as to become hot, it will 808. 
ſhine (Exp.): whence it follows, that the Fire con- 
tain'd in the Glaſs does not want Air to make it viſible; 
for it grows hot, and ſhines upon taking away both 
the external and internal Air. 

It is evident, by innumerable other Experiments, 
that Light will ariſe from Attrition in Yacao. 

That Mercury contains Fire, is plain from Expe- 80g. 
riments : For if Mercury, well cleanſed, be ſhaken 
about in a Glaſs, it will appear luminous (Exp.); 
but more ſo if the Glaſs be void of Air (Exp.). 

If the well known Chymical Preparation of $10. 
Urine, which is called Phoſphorus, be kept in Wa- 
ter, and then you take out ſome of it, and roll i: 
up, fo as to make a kind of Pencil, with which 
you write upon a Piece of Paper, the Letters will 
appear all fire, if you put the Paper in a dark 
Place. When you take the Phoſphorus itſelf out of 
the Water, it will grow hot and ſmoke; all which 
ſhews that the Phoſphorus contains a great Quantity 
of Fire in it (Exp.). 

In this Experiment we may obſerve that Water acts 8 11. 
ſenſibly upon the Fire contain d in the Phoſphorus; for 
it keeps it in, ſo long as the Phoſphorus is cover'd 
with the Water; but as ſoon as the Water is taken 
away, the Heat and Smoke immediately ſhew that 
the Fire iſſues out of the Phoſphorus, 
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GN. . 
Of the Motion of Fire. 


E obſerve a three-fold Motion in Fire; the Firſt 

is that by which Heat is communicated, and 
Bodies dilated, without any Separation of their 
Parts, or Change of their Order, 

$14. The Second, which differs only from the Firſt in 
degree of Intenſity, is that by which the Parts of 
Bodies are diſſolv'd, or move amongſt themſelves. 

815. The Third and laſt is, that it moves in ſtreight 
Lines, as we diſcover in Light. 

$16. One hot Body communicates Heat to another, which 
is not ſo hot, upon their mutual Application, but loſes 
ſome of its Heat in the Action. 

817, From whence we gather, that the Fire moves until 
there happens to be an Equilibrium between the Actions 
of adjacent Bodies: And in that Caſe we ſay the 
Degrees of Heat are equal. 

$18, Ir follows from that Equilibrium, that however 
different the adjacent Bodics are, theſe aft in the 
fame Manner upon a Thermometer brought to them, 
and the Liquor contain'd in it is dilated equally by 
them (Exp.). 

819. But this Equilibrium in the Actions of the Fire 
contain'd in different Bodies will not happen till 
after ſome time. 

8:0. We further deduce from this Equilibrium, that 
in all Bodies the Heat is equally diſperſed throughout 
them. 

921. As alſo we ſee why Bodies ſeparated and ſur- 
rounded with Air, or any other Fluid, through 
which the Heat is equally diſperſed, do acquire 
equal Degrees of Heat (Exp.). 

822. It is moreover manifeſt why the Steem of the Sur- 
face of boiling Water, included in a Veſſel, has the 
ſame Degree of Heat as the Water; and why the 
Heat is noc increaſed when the Vapours are —_— 

late 


812. 
813. 
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lated, and not diminiſhed, when even a great Quan- 
tity of Fire goes out of a given Hole along with 
the hot Vapours. 

We have before obſerved (818.) that Bodies of 823. 
the ſame Heat a& in the ſame manner upon the 

| Thermometer, and this happens that becauſe of the 

| ſmall Quantity of Liquor contain'd in the Inſtru- 
ment, theſe Actions do not ſenſibly change the Heat 
of the Bodies. 

But in many other Caſes the Bodies equally hot do 824. 
not att after the ſame manner upon the ſame Body. 

The Hear in different Bodies, encompaſſed in the 82 ;. 
fame Fluid, every where equally hot, will not in 
the ſame Time become equal to the Heat of that 
Fluid (Exp.). 

Whence it follows, that ſome Bodies are more $26. | 
difficult to burn than others, and that from a two- | 
fold Cauſe : For the Parts of all Bodies are not 
moved with the ſame eaſe, and Fire enters ſome | 
with more difficulty than it does others. | : 

It is manifeſt, that in Heat there is requir'd a 827. | 
certain Agitation of the Parts of a Body ; becauſe 
upon increaſing the Heat, this Agitation becomes 
ſenſible: But the Parts of Bodies are different, and 
theſe in different Bodies do not only differ in Den- 
ſity but Coheſion too; and therefore the Agitation 
cannot be communicated to them with the ſame 
eaſe ; conſequently unequal Actions of Fire are re- 
quir'd to the Communication of equal Degrees of 828. 
Heat: And the Heat is not proportional to the Quan- 
tity of Fire. 

We obſerve this, when two ſimilar and equal Bo- 829, 

dies, both having the ſame Degree of Heat, be laid 
upon two other leſſer Bodies, one ſuppoſe Marble 
and the other Wood, both equal and equally hor. 
For that Body which lies upon the Marble will loſe 
more Heat, and communicate a leſs Degree of Heat 
to the Marble, than that Degree which the Wood 
has acquir*d from the Body laid upon it, which does 
not loſe ſo much Heat (Exp.). 


| 
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830. It is alſo manifeſt, from Experiments, that Fire 
does not penetrate all Bodies with the ſame eaſe. This 

831. is what we have obſerv'd already (754.) as likewife 
that the hotter the Body is, the more eaſy will Fire pe- 

832. netrate into it. A burning Speculum produces a leſs 
Effect, that is, reflects a leſſer Quantity of Fire 
when its Heat is increaſed ; which is a Sign that 
there is a greater Quantity of the adventitious Fire 
enters into the Speculum and there ſtays. 

$33. Alſo the Effect of this Speculum is diminiſhed, 
when the Sun's Rays paſs thro? the Air which has been 
already heated by them; and this ſhews that Fire en- 
ters hot Air in a greater Quantity than it does in 
cold Air. 

$34. Thoſe Podies which are the moſt difficult to Heat, 
preſerve their Heat the longeſt, whilſt they commu- 
nicate Heat to leſs warm adjacent Bodies. 

833. When a Body gives Heat to ſuch Bodies as are 
near it, the Parts in its Surface loſe ſome of their 
Heat, to which Parts the Fire contain'd within the 
Bodies do then come; therefore the Diminution of 
the Heat is ſucceſſive, and the central Parts keep 
their Heat the longeſt. 

836. Hence we ſee, that a Body may keep its Heat a long 
Time, if it be involv'd within other Bodies; and the 
Continuance of the Heat will be a longer or ſhorter 
Time, according to the Difference of the Bodies in 
which it is involved. 

837. This appears by daily Experience, and particu- 
larly is obſerved in hot Water, in which the Heat 
is preſerv*d by the circumambient Air (Exp.). 

We ſee this likewiſe in Shining Wood. There 
is ſome Wood which rotted in the Ground, ſhines 
when it is taken out. The Earth that encom- 
paſſeth the Wood keeps in the Fire, which goes out 
when it is removed, and the Wood continues to 
ſhine for ſome Days. In Yacuo the Light is de- 
ſtroy' d, and cannot be recover'd upon the Admiſ- 
ſion of the Air. 2 
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As Fire expands itſelf every way, and increaſes 83g. 
the Heat of adjacent Bodies, it does not tend to all 
Parts with the ſame eaſe (830.); but if its Motion 
towards ſome Parts be more difficult, it will be in- 
creaſed towards other Parts; as may be obſerv'd in 
a Blade or Iron Cylinder, having one End red hot, 
and the other no ſenſible Heat; for if the red hot , 
End be immerſed in cold Water, the other End | 
will grow hot (Exp.). 

The Fire which enters into Bodies, puts their 840. 
Parts into Motion (827.), the Parts moved act upon | 
the Fire contain'd in them, and increaſe the Mo- | 
tion of it; and ſo when extraneous Fire acts upon a$4r. 
Body, the Heat thereof is not only increaſed by the 
Action of that Fire, but alſo by the Increaſe of the | 
Fire that was within the Body before Great Fires 
confirm the Truth of this, and demonſtrate that it | 
is ſo in all burning Bodies; for we can nearly form a 
Judgment of what happens in ſmall Motions, from 
ſuch as are ſenſible in great ones. 

We ſhall now ſpeak more particularly of that in- 

_ creaſed Motion. 

The Effect of it is the turning of a Solid into a 842. 
Fluid, and of this laſt into an elaſtick Fluid (7$7.). 

But when the Heat of the Fluid 1s increaſed by the 
Action of the Fire, before it be turned into an ela- 
ſtick Fluid, the Parts of the Body itlelf have a 
moſt violent Agitation amongſt one another, which 
cauſes the Fluid to boil: For performing which Effect, g 7. 
the Alion of the Fire need be ſo much the leſs as the 
Fluid is leſs compreſſed. Warm Water will violently 
boil upon the removal of the Preſſure of the Air 
(Exp.). The Reaſon why the Boiling becomes more 
difficult when the Compreſſion is increaſed, is 
ſufficiently evident. | 

And the greateſt Degree of Heat that the Fluid 844. 
can acquire, upon that Compreſſion, as 
may be gather*d from the Experiment above- men- 
ton'd (837.). 


The 
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845. The ſmall Parts of all Bodies are not ſuch, that 
the Bodies become Fluids upon the leſſening of the 
Coheſion of thoſe Parts, notwithſtanding their being 
— from one another by the Action of the 

ire. 

846. The Solution of Bodies when they become Fluids 
is call'd Fuſion: And the Changement or Conver- 
ſion into an elaſtick Fluid is call'd Evaporation. 
Alſo the third Separation of Parts above-mention'd 
(845.) is call'd the Combuſtion or Burning of Bo- 

dies, and ſometimes their Calcination. 

847. We have already ſpoken of Fuſion and Evapo- 
ration (784. 787.); what has been there ſaid, may 
alſo be referred to Combuſtion and Calcination : But 
their Difference mtiſt be attributed to the Frame of 

the Bodies themſelves. | 

848. But thoſe things, relating to Combuſtion and Cal- 

cination, may be deduced from what has been ſaid 
about Heat (783. 827.). There 1s no Body but what 
perceives, that upon the Increaſe of the Motion of 
the Parts, they muſt at length be diſſolv'd. 

849. The Separated Parts of moſt Bodies that are 
burned, are earthy, watery, or ſpirituous. 

850. We call earthy Parts thoſe that remain after the 
Body is diſſolved by the Fire, that is, the Aſhes, 
which mdeed may be hot, but cahnot be burned. 

851. We call thoſe watery Parts, which are changed 
into Vapours, and expelPd by the Action of the 
Fire; but which being collected together, upon the 
leſſening of the Heat, are turned into Water. 

852, Laſihh, we call thoſe Parts oleous, which are the 
only Food of the Fire, by whoſe Action they are 
diſſolved, whilſt thoſe Parts increaſe that Action. 

853. Thoſe Parts are fo diſſolv'd by the very violent 
Action of the Fire, that there is no forming a com- 
buſtible Body of them anew ; then theſe are ſaid to 

854. be conſumed : But if the Action of the Fire upon 
theſe Bodies be leſs violent, they will indeed be 
turned into a thick elaſtick Fluid, which we call 

Smoke; 
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Smoke ; this is combuſtible, and when collected 
together, forms a ſoft Body, called Soot, which 1s 
alſo capable of burnin 
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When the Heat of theſe Parts is increaſed ſo 835. 


much that they burn, they will ſhine, and formFlame 
during their Separation from the Body; ſo that 
Smoke and Flame have no Difference but in their 
Degree of Heat; and Smoke upon increaſing its 
Hear will be turned into Flame, and by that 
means be conſumed (Exp.). 


We muſt obſerve, with regard #9 Flame, that g 56. 


it makes the Figure of a Pyramid in the Air: The 
Reaſon is this; the Flame is lighter than the Air, 
and fo aſcends ; but the Parts which form it, are 
con{tantly diſperſed, with a very violent Motion, and 
therefore it is continually leſſened, and but a few 
Parts come to the upper end of the Flame, which 
therefore is very lender. 


And this is the Reaſon why Flame will be very 857. 


much ſpread, whilit being ſurrounded this Diſſipa- 
tion is hindred, or at leaſt leſſened (Exp.). 

When upon leſſening that Diſſipation, the Flame 
be nevertheleſs left to itſelf; this, like all other 
Fluids, will tend to a ſpherical Figure, as we ob- 
ſerve in one Flame that is. every way encompaſſed 
with another Flame (Exp.). : 

We ſhall now return to what relate to the 
Action of Fire upon Bodies. 


In ſuch Bodies that are calcined, there are ei- 859. 


ther none, or but a ſmall Quantity of thoſe Parts 


which are the Food of Fire, and therefore before 
theſe Bodies can be diffolved, It is neceſſary that 
y extraneous Fire ſhould continually act upon 
mem. 


But many Things ſeem to ſhew that the Fire ggg, 


cannot immediately exert ſuch an Action upon 
Bodies, as we obſerve in Combuſtion and Calcina- 
dion. 


P In 
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861. In Combuſtion, the Fire unites itſelf with in- 
numerable ſmall Particles, which can no how be 
preceived ; theſe are moved every Way : The 
greateſt Quantity ariſing from thoſe Places where 
the Flame is. It can ſcarcely be doubted that 
theſe Particles, as they move along with the Fire, 
enter into the Pores of other Bodies; for we ſee 

862. o many Occaſions that the Weight of Bodies is in- 
creaſed by the Action of Fire. 

$63. For this Augmentation of their Weight, is 
wrongly by ſome attributed to the Fire itſelf ; 
-:cauſe its Weight, ij it has any, is not ſenſible to 
us (Exp.). 

864 It is comfirmed by Experiments, even ſome 
that have been made in Vacuo, that the Action of 
Fire in burning of Bodies, is aſſiſted by the Action 
of a very ſubtil extraneous Body. 

863. Upon the Removal of the Air, Bodies on Fire 
will immediately be extinguiſhed, that is, a great 
Quantity of the Fire goes away, and that left be- 
hind loſes its Motion, as we ſee in the next 
Chapter. 

866. In that Caſe Bodies will not conſume, but by 
2 continual Action of extraneous Fire, and then 
lowly upon the ceaſing of the Flame and violent 
Agitation of the Parts (Exp.). 

867. Alſo in the Calcination of a Flint, gotten by 
ſtriking it with a Steel, there is no Light obſer- 
ved, if it be done where there is no Air (Exp.). 

868. We have already ſaid that the third Motion in 
Fire to be taken Notice of, is that of Light, and 
have alſo ſhewn (768.), that the ſame is perform- 
ed in right Lines: And as we treat only of this 
very Motion throughout the two following 
Parts of this Book, I ſhall therefore obſerve here 
but one Thing concerning it; that is, whether it 
be Succeſſive or Inſtantaneous, viz. whether at the 
ſame Moment that a Body begins to ſhine the 
Light is ſenſible at any Diſtance, or W _ 

ight 
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diſtant. 


It ſeems to follow clearly from ſome Aſtrono- 869. 
mical Obſervations, that the Motion of Light is 
ſucceſſive, and Philoſophers did not long doubt 
of it: But by ſome late Obſervations the Conclu- 
ſions drawn from the former are weaken'd, and we 
are obliged to confeſs that the Motion of Light 
has ſomething in it unknown. 

To ſay that a Motion from one Place to another 
is not ſucceſſive, implies a Contradiction, and it can 870. 
ſcarcely be doubted, that Light moves from one Place 
to another: For we obſerve that Fire is carried off 
in Vapours and Smoke: In which cafes Fire car- 
ries with it the Bodies to which it adheres, 
and yet is often moved very ſwiftly. If the 
Subtility of Fire be conſidered, it will eaſily be 
found, that it is immenſely retarded by the Bodies 
to which it adheres; and that as ſoon as it is freed 
from them, it moves with a very great Velocity. 


C HAP. VL 
Of the Extinction of Fire and of Cold. 


T HE Extinction of Fire is a Ceſſation of its 85 1. 
Motion in that Body wherein the Food of the 
Fire is waſted (852.853.). | 

It is very evident that a Fire muſt neceſſari 7 be 872. 
extinguiſhed, when all its Food is deſtroy'd by 
the Action of the Fire. Bur it is very difficult 
to account for the Extinction of Fire, when it has 
ſome Food yet remaining. | 

This we often obſerve when Bodies on Fire be 873. 
expoſed to the Sun's Rays (Exp.) ; but how it 
comes to pals, it is very hard to ſhew. 

Fire alſo goes out where there is no Air (Exp.) 3874. 
the Cauſe of which too is not eaſy to find out. 

For Experiments ſhew that this cannot be attribu- $75. 
ted to the Remota! of the Preſſure, becauſe it is 

22 manifeſt 
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manifeſt from them that Fire is very often imme- 
diately extinguiſhed in an elaſtick Fluid, which, 
like the Air near the Earth, ſuſtains the whole 
Preſſure of the Atmoſphere (Exp.). 
876. Hence it follows, that there are ſome particular 
Particles requir'd in the Extinction of Fire, which 
either fly off themſelves by the Action of the Fire, 
or become uſeleſs; for it 1s evident that there 1s 


a perpetual Supply of new Air requir'd in Com- 
buſtion (Exp.). 

877. The ſeveral ways by which Fire is extinguiſhed, 

878. muſt be referred to the want of Air: Thus Hire, 
which is every way encloſed, or ſhut in, is extin- 
guiſhed in a ſhort time; to the Performance of 
which, it would - ſeem, that the accumulated 
Smoke does not a little conduce. 

879. That Extinction is oftentimes ſuch, that the 
Fire extinguiſhed will not be re-kindled, but by 
bringing new Fire to it ; though ſometimes, 1 
the Admiſſion of the Air, it will re-kindle of its 
own accord, and that too when all Communication 
with the external Air has been a conſiderable long 
time taken away. Yet in ſome of theſe Caſes the 
Fire 1s not quite extinguiſhed, although there 1s 


not a ſenſible Appearance of the Conſumption of 
the Fire's Food. 


880. We allo refer the Action of Water, when it ex- 
-tinguiſhes Fire, to the Mant of Air. 

881. In the Combuſtion of thoſe Bodies which attract 
Water, if this (which will not burn, (becauſe it 
contains no Food for Fire) be poured upon them, 
it will immediately touch or cover the Bodies in 
ſuch a 1nanner as to hinder the acceſs of the Air 
upon which the Fire is extinguiſhed, unleſs the 
Quantity of the Water be very ſmall, with re- 
gard to the Bigneſs and Violence of the Fire : For 
in that Caſe the Water is immediately changed in- 
to Vapours, and driven back. 


But 
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But when the Bodies are ſuch, that the Water $82, 
will not immediately touch or mix with, as Oil 
and greaſy Bodies, the Water will not extinguiſh 
theſe, unleſs it be poured upon them in ſuch abun- 
dance, as to take away the Acceſs of the Air from 
every Part. 

There are alſo ſome Fluids on Fire, which 883. 
though they will mix with Water, yet will nog 
be extinguiſhed by Water ; which ſeems to con- 
tradict what has been already ſaid (88 1.): but the 
Water cannot fall upon the Surface of theſe Fluids, 
and be diſperſed over them, as it ſhould be, to 
hinder the Acceſs of the Air. 

The Action of the Water upon the Fire con- 884. 
rain'd in the Phoſphorus, concerning which we 
have already mention'd (811.), differs from the 
Action ſpoken of here. For when the Phoſ- 
phorus is well lighted, it cannot be extinguiſhed 
by Water, and its Light is more lively where 
there is no Air (Exp.). 

When Fire is extinguiſh*d, the Heat is leſſen'd, 
and therefore that Extinction has ſome relation to 
Cold. 

For the leſſening of Heat is very often, but not al- 885. 
ways, calld Cold, which is no other than that Dimi- 
nution. | 

T hoſe Bodies that are not ſo hot as the Parts of 886. 
our Body which touch them, that is, which leſſen 
the Heat in our Bodies (816.), are ſaid to be cold; 
juſt as thoſe Bodies are ſaid to be hot which in- 
-reafe that Heat (703.). | 

Cold with regard to us is no other than the 887. 
Senſation ariſing in us upon the leſſening of the 
Heat in our Bodies, and in a cold Body there 1s 
Heat (793.) : But it is leſs than the Heat of our 
Body, and therefore that diminiſhes this (816.). 

From theſe common Conſiderations alone, that gg. 
Queſtion is eaſily determin'd, viz. whether Cold 
ought to be aſcribed to a Privation of Heat, or to 
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the Preſence of ſome particular Matter; juſt as 
Heat is owing to the Preſence of Fire. It is 
evident that the bare Abſence of Fire is ſufficient. 


889. But we may alſo put another Queſtion, viz. 


890. 


891. 


whether it is poſſible to have a Diminution of 
Heat without a certain ſort of Matter, whoſe Par- 
ticles we may call the Darts of Cold. To this I 
anſwer, that we have no Experiments to prove 
there is ſuch a kind of Matter, and therefore it is 
impoſſible to give an Anſwer to this Queſtion. 
For we ought not to deny a thing becauſe we 
cannot prove that it is true. But this we know is 
always very certain, that from whatever Cauſe it 

roceeds, the Diminution of Heat is ſufficient of 
itſelf to cauſe Cold. 

I cannot deny but that there may be ſome ſub- 
til Particles which, upon entering into Bodies, do 
either wholly or partly drive the Fire out of them. 
But that there are always ſuch, where we find a Di- 
minution of Heat, is what I ſaid does not yet ap- 
pear. For although there are Particles which do 
not attract Fire as the Particles of which Bodies 
conſiſt, but repel it, it does not follow from thence 
that Heat cannot be leſſen'd from ſome othe 
Cauſe. : | 

But in ſome Caſes the following Experiment 
ſeems to ſhew that there are ſuch Particles; Take 
a Mixture of Snow and Salt contain'd in a Veſſel, 
and having cover'd it with a Glaſs of Water, put 


it over a Fire; the very Moment that it melts, viz. 


that it becomes hot, it does not, like other Bodies, 
communicate Heat to the Water (816.), but the 
Water is immediately turn'd into Ice (Exp.). 


BOOK 
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BOOK UL 
PART II. Of the Inflefion, Refract ion, 
and Reflection of Light. 


CH A P. VI. 


Of the Infection of the Rays of Light. 


Aving laid down in the Part aforegoi 

what regards Fire in general; we ſhal 
again farther examine the Properties of Light, 
and the Phenomena ariſing from them. 

Thoſe Things obſerv'd about Light are very 
wonderful, and yet moſt of them are explained 
by a few Laws of Nature. 

Light moves in right Lines (765.); it can be 
intercepted by an Obſtacle (768.), which entirely 


ſtops ſo much of it as comes upon it, but no 
more. 


DEFINITION 


Any Light conſider d according to the Directiůon of 892, 
its Motion; i it be all carried in the ſame Direction, 
is calPd a Ray of Light. | 

Such is a Beam of the Sun's Light going thro? 
an Hole. 

Fire, as we have ſaid, is attracted byBodies(752.) 3 
the notable Effects of which Attraction may be ob- 
ſerv*d in the Burning of Bodies; they are alſo ſen- g 
fible in Light; for when Light paſſes near Bodies, 
it is deflefted or turned out of a fireight way. 

Let I CH be the Edge of a Body, the Rays of Plate IX. 
Light AB, EF, are inflected as they paſs by the F. 2. 
Edge of this Body, and ſo much the more the 
nearer their Paſſage to it is; which is found out 
by the following Experiments. 

If the Diſtance between the Edges of two 
Knives be about the tenth Part of an Inch, and a 

Beam of Light let into a dark Room through a 


P 4 Hole 
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* 
* 


Hole in a Window-Shutter, paſſes between them 
at about three Feet from the Window; if the 
Light falls upon a Sheer of Paper, at five Feet 
Diſtance from thoſe Edges, there will appear on 
each Side of the tranſmitted Beam, a Light, like 
that of the Tail of a Comet; which proves that 
the Light is inflefed as it paſſes near the Edges 
of the Knives (Exp.). 

If you bring the Edges ncarer together, as, for 
Example, within the hundredth Part of an Inch, 
inſtead of the Light above-mention'd, on each 
Side of the Light of the B-am upon the Paper, 
you will fee three colour'd Fringes parallel to the 
Edges of the Knives; which will ſtill appear more 
diſtin&, if the Hole in the Window-Shutter be 
made leſs. I ſhall hereafter explain whence theſe 
Colours ariſe (Exp.). Here it is enough to deduce 
from this Experiment that Light is attracted by 
Bodies which reflect its Rays: For if there was 
not a Motion towards the Edges, the whole Beam 
would have continued in a direct Motion. 

But the Action of Bodies, by which they act upon 
the Light ta attract it, exerts its ſelf at a ſenſibie 
Diſtance ;, for if the Diſtance bceween the above- 
mention'd Edges be letfen*d, ſo as to be about the 
four hundredth Parr of an Inch, no Light will 
appear upon the Paper bctween the Fringes afore- 
laid; fo that in this Cafe all the Light which 
paſſes between the Edges is inflected on either Side, 
ſo as to produce the Fringes above- mention'd 
which ſhews plainly char Steel acts upon ſuch 
Light, at leaſt at the Diſtance of the eight hun- 
dredth Part of an Inch (Exp.). 

It is alſo proved, that that Action is increaſed as 
the Diſtance is diminiſhed ; tor if the Diſtance be- 
tween the Edges be leſſen'd, the Fringes will va- 
nith ſucceſſively, until the Plates being join'd to- 
12 no Light paſſes between them. The 
inges which vaniſh are thoſe that are produced 

by 
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by the Rays which are leaſt inflected, and thoſe 
vaniſh laſt which are produced by the Rays that 
are moſt inflected; that is, when the Edges come 
towards one another, the Shadow between the 
Fringes, made by each Edge, is continually in- 
creaſed, till at laſt the whole Light on each Side 
vaniſhes. Whence it plainly follows, that the 
Rays are more inflected the nearer they paſs by 
the Edges, that is, the Attraction is increaſed as 
the Piſtance is diminiſhed (Exp.). 

We may further obſerve, that the Attraction of 896. 
one Edge is increa/ed upon bringing the other near it. 
Which is clearly ſeen by the Experiment. For as 
the Edges are brought towards one another, the 
Inflection of the Rays becomes greater conti- 
nually (Exp.). ; 


GH AP. VILE 
Of the Refraftion of Light, and its Laws. 
DeriniTtion I. 
E VERY Thing that gives a Paſſage to Light, is 897. 
| calPd a Medium. 
Glaſs, Water, and a Vacuum itſelf are Mediums. 
When a Ray of Light paſſes our of one Medium 
into another, it is often turn'd out of its way. 
DEFINITION II. 
This Infleftion is calld Refraction. 898. 
In order to produce Refrattion, the Mediums muſt goo. 
ze of different Denſities, and the Ray make an oblique ** 
Angle with the Surface which ſeparates the Mediums. 
KRefrattion ariſes from this, that the Rays are more 9OC. 
attratted by a denſe than by a rare Medium; from 
which Attraction, all that we have proved in the 
toregoing Chapter, relating to Refraction, are 
deduced, | 
Let EF be the Separation of the Mediums. 901. 
Let X be the denſer, and Z the rarer Medium. Plate IX. 
All the Particles of Matter have an 1 — Fg. 3. 
Orce 
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Force (38), and ſuch a Force has Light too (893.), 
Let the Diſtance, at which the Particles exert 
their Action, be that contain'd between the Lines 
EF and GH. Therefore the Light, which 
comes between theſe Lines, will be attracted by 
the Medium X. 

At the Diſtance of the Line G H, the extreme 
Particles of the Medium X do only act upon the 
Light; at a leſs Diſtance, both theſe and other 
Particles act ſo as to increaſe the attractive Force, 
when the Diſtance is diminiſhed, as has been ob- 
ſerv'd before (895.). In the denſer Medium X, 
let the Line I L be at the ſame Diſtance fromE F 
as GH is in the Medium Z. Let the Light 
enter into the Medium X, and it will every way 
be attracted by the Particles of the Medium, 
whoſe Diſtances from the Light are leſs than the 
Diſtance between EF and G H; for at that Di- 
ſtance the Light is ſuppoſed to be attracted by the 
Particles of the Medium X. 

As long as the Light is between the Lines E F 
and I L, the attractive Force is the ſtrongeſt to- 
wards IL; becauſe there are more Particles that 
attract that way: But as the Number of Particles, 
acting the contrary way, does increaſe, that is, as 
the Diſtance from E F increaſes, the Force to- 
wards I L diminiſhes, till the Light be equall 
attracted every way in that Line IL, which alſo 
is every where ſo in the Medium X beyond IL. 

902. Suppoſe a Ray of Light Aa to fall obliquely 
upon the Surface dividing the Mediums, or rather 
on the Surface G H, where the Action begins by 
which the Light is driven towards the Medium X; 
when the Ray comes to a, it is turned out of the 
right Line by the Force wherewith it is attracted 
by the Medium X; that is, by which it is driven 
towards it in a Direction perpendicular to its Sur- 
face. And indeed the Ray of Light is bent out 
of the right Line in every Point, fo long as it is 

between 


of the Newtonian Philoſophy. 219 


between the Lines GH and IL, between which 
the ſaid Attraction acts; and ſo the Ray deſcribes 
the Curve ab between thoſe Lines, after the ſame 
way as has been faid Projectiles do (233.). The 
Action, bending the Ray, ceaſes beyond the Line 
IL; therefore it goes on afterwards in a right 
Line 6B, being the Tangent to the Curve in the 
Point 6. 

The Diſtance between the Lines GH and IL 
is but ſmall: Therefore when we conſider Refra- 
ction, we take no Notice of the bent Part of the 
Ray, which we conſider as made up of two right goz. 
Lines AC, CB, meeting in C, viz. in the Surface 
ſeparating the Mediums. 


Through C draw NCM perpendicular to the 
Surface EF. 


s M9. DAME. AT. oo. £2 


DEFINITION III. 


The Part AC of the ſaid Ray, is calÞ'd the inci- 904. 
dent Ray. 


The Angle ACN is the Angle of Incidence 
(388.). 


DRrflNITION IV. 
The Part CB of the Ray, is call'd the refracted 905 
Ray. 
DEFINITION YV, 


The Angle BCM is call'd the Angle of Refraction. 906. 

In this Caſe, when Light goes out of a rare into 4907 
denſer Medium, the Angle of Refraftion is leſs than 
the Angle of Incidence, upon account of the Infle- 
ction of the Ray; for theſe Angles would be equal, 
if the Ray ſhould have continued on its ſtreight 
way, along the Line CD. But the Ray CB 
comes nearer to the Perpendicular CM; and 
therefore the Refraction is ſaid to be made towards 
the Perpendicular (Exp.). 

On the contrary, if the Ray goes out of à denſe 9o8. 
Medium into a rarer, it will recede from the Perpen- 
dicular ; becauſe the denſer Medium attracts the 


Ray 
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Ray after the ſame manner, whether it goes out 
of a rarer into a denſer, or out of a denſer into a 
rarer Medium. Therefore if BC be the Ray of 
Incidence, CA will be the refracted Ray, that is, 
let the Ray come from either Side, and it will move 
in the ſame Line. 

Therefore if there be two Rays, and one comes out 
of a denſer into a rarer Medium, and the other out of 
a rarer into a den/er, and the Angle of Refrattiun of 
the one be equal to the Angle of Incidence of the other, 
the two Angles of Incidence and Refraflion remaining 
will be equal to each other (Exp.). 

From whence it follows, ne the Direction of 
the Ray is not changed, if it moves through a Medi- 
um terminated by To parallel Surfaces : For az 
much as it is turned at its Entrance towards one 
Side, ſo much exactly is it turned the other way 
as it goes out of the ſaid Medium (Exp.). 

If a Ray falls perpendicularly upon the the Surface 
ſeparating two Mediums, it will not be turn'd out of a 
right Line by the Attraction of the deaſer Medium; 
becauſe in that Caſe it acts in the Direction of the 
Ray (Exp.). f 

In what has been faid hitherto, we have ont 
conſider'd the Attraction of the denſer Medium, 
becauſe it is the ſtrongeſt ; but the Action of the 
rarer Medium muſt not be overlooked, becauſe it 
diminiſhes the Action of the denſer ; which Action 
becomes fo much the leſs, as the Mediums differ 
leſs in Denſity. Therefore there is no Refraction 
where the Denſities of Mediums are equal, and the 
Refrattion is greateſt where the Denſities of the Me- 
diums do differ moſt. 

The Laws of Refraction are deduced from the 
Acceleration which the Attraction generates. 

The Attraction acts between the Places repre- 


ſented by the Lines GH and IL, but no fur- 
cher (900). 
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DxriniTion VI. 


For this Reaſon, the Space terminated by theſe g 14. 1 


Planes, is call'd the Space of Attraction. 

And in the Scholiums to our Elements we de- 
monſtrate, that although a Body acts upon Light 
i: Direction perpendicular to its Surface, the 
A .-leration of the Light, in its Motion out of a 
rar er Medium into a denſer, or the Retardation, 
wh nit moves out of a denſer into a rarer, is 
co tevtly the ſame in whatever Direction the 


I _. moves; and therefore the Ratio between the 915. 


/ ht in the two Mediums is given. 

| tion or Retardation indeed is leſs 
! volique Motion, but it will laſt ſo much 
L 3; and ſoa Compenſation is obtain'd. 


be the rarer, and X the denſer Me- 216. 
dium, ſerarated by the Plane EF. Let a Ray of A 1x. 


ht AC fall obliquely upon the Surface E F 3 # 


lec AC expreſs the Velocity of the Light in the 
Medium Z, which Line let be invariable, viz. 
remain the ſame in all Inclinations of the Ray. 
From the Centre C, with the Semi-diameter C A, 
ceſcribe a Circle; and let NC M be drawn per- 
pendicular to EF. From A draw A O perpen- 
dicular to NC, and AQ fo to EF. 

Let us concei ve the Motion along A C to be re- 
ſolved into two others, the one along AO, or QC, 
and the other along AQ or OC (383. ); the Line 
O C will denote the Ray's Velocity perpendicular 
to the Surface EF; which Velocity alone is in- 
creaſed by the Attraction of the Medium (9oo.). 

The Velocity in the Direction QC is not 
changed; and if CV be made equal to it, and 
VB be drawn perpendicular to EF, the Light 
will come to this Perpendicular in the ſame time 
that it moves the Lengtu AC; therefore it will 
move through CB, if CB be to AC as the Ve- 

locity 
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locity in the Medium X is to the Velocity in the 
Medium Z. 

Let the Line CB cut the Circle, deſcribed with 
the Semi-diameter C A, in the Point T. From 
the Points Band T draw BS and T R perpendi- 

cular to C M becauſe the Triangles CBS, CTR 
are ſimilar, it will be as BC to TC, or CA, as 
BS 1s to TR; which Lines therefore, becauſe 
BC and CA are invariable, will always have the 
ſame Ratio, whatever the Angle of Incidence is. 
TR is the Sine of the Angle of Refraction TCR; 
and BS, which is equal to CV, equal to AO, is 
the Sine of the Angle of Incidence ACO. | 
917. Therefore in every Inclination of the incident Ray, 
the Ratio between the Sines of the Angle of Incidence 
and the Angle of Refraction is always conſtant and in- 
variable. 
But as BC, CA, which are to each other as the 
aforeſaid Sines, do alſo expreſs the Velocitics of 
the Light in the Mediums X and Z, it follows 
918. that zhoſe Sines are inverſely as the Velocities in theſe 
Mediums. 
If the Medium Z be Air, and the Medium X 
Water, the ſaid Sines are as 4 to 3; and the Ve- 
locity of the Light in the Air is to its Velocity in 
the Water as 3 to 4. But if Z ſtill remaining 
Air, you ſuppoſe X to be Glaſs, the Sines are as 
17 to 11: One Experiment is ſufficicat to deter- 
mine this for all Mediums. 
The Ratio between the Sines of any Angles is 
the inverſe Ratio of the Secants of their Comple- 
ments, as appears in this Figure, ſuppoſing a 
Circle drawn as aforeſaid with the Semi-diameter 
919, Cor CV. For then AC, equal to CT, and 
CB will be the Secants of the Complements of the 
Angles ACQ, BCVYV, of Incidence and Refraction, 
and are inverſely as BS, equal to AO and I R, 
which are the Sines of the Angles of Incidence and 
Refrafion in the Circle ENT. * 
8. 
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We have hitherto conſidered a Ray of Light 920. 


going out of a rarer into a denſer Medium; but 
the ſame conſtant Ratio of the Sines, mention'd 
N* 917. holds good, when the Ray moves out of a 
denſer into a rarer Medium; the Angles A CN, 
M CB are not changed, whether the incident Ray 
be AC or BC (9og.). In that Caſe, if BC be 
the Velocity of the incident Ray, CA will be the 
Velocity of the refrafted Ray. For the Motion 
of the Ray going out of X into Z, is retarded in 
the ſame manner by the Attraction towards the 
Medium X, as it is accelerated when it moves the 


contrary way. 
CHAP. IX 


Of the Refraction of Light when Me- 
diums are ſeparated by a plane Surface. 


DeFr1iniT1ION I. 


Rays proceeding from the ſame Point as a Centre, 92 l. 


and continually receding from one another, are cald 
divergent Rays. 
DErINITIO II. 


Thoſe diverge moſt, that make the greateſs Angle 922 


with one another. . 
DeFiniTion III. 


The Point from which the divergent Rays proceed, 923. 


is calPd the radiant Point. 


The more the Rays diverge, ſuppofing them at the g2 4. 


ſame Diſtance from one another, the leſs is the radi- 
ant Point diſtant from them. 


The Rays are often moved by Refraction or 925. 


Reflection, as if they came from a radiant Point, 
though they do not really move from ſuch a Point ; 
that is, if the Rays be continued or produced 
backwards the way from whence they came, they 
would meet in one Point. In this Caſe the Rays 
are alſo ſaid to be divergent, 
DErINITIOx 
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DErixflrrox IV, V. 


926. Rays, which meet in one Point, or which would 
meet, if they were contiued, are ſaid to be convergent ; 
927. and thoſe are the moſt convergent which mate the 
greateſt Angle with each other. 
DzriniTion VI. 


928. The Point of Concurrence of convergent Rays, is 
call'd the Focus. 


Derixi1iTIon VII. 


929. The Point in which convergent Rays, and ſuch as 
being intercepted, or deflefted before their Concurreace, 
would have concurred if continued, is called the ima- 

ginary Focus; which Name is alſo given to that 
Point from which thoſe divergent Rays are con- 
ceiv'd to flow, which do not proceed from the 
radiant Point (925.). 

930. The more the Rays concur, ſuppoſing their Diſiance 
to be the ſame, the le(s diſtant is the true or imaginary 
Focus from them. | 

931. F parallel Rays paſs out of one Medium into ang- 
ther of a different Denſity, they will aiſo be parallel 
after their R:fraftion, becauſe they are all equally 
inflected; for in all this Chapter we ſpeak of Me- 
diums ſeparated by a plane Surface. 

932. Let X and Z be two Mediums, of which X is the 
Plate IX. moſt denſe, ſeparated by a Plane ES, and from the 
Fiz. 5. Point R let the divergent Rays RC, Ro, Rn, 

enter into the denſer Meaium. Let one of them, as 
RC, be perpendicular to the Surface ES; this 
laſt is not turned out of its way (9123.), but con- 
tinues its Motion through CG. The Rays Ro, 
Ru, are refracted towards Perpendiculars, ſuppoſed 
to fall upon the Surface ES in the Points o and « 
(907.). Theſe Rays, if not too much diſperſed, move in 
the more denſe Medium, as though they all proceeded 
from the imaginary Focus r, which is farther diſtant 
from the Surface than R; which yet is not to be 

underſtood 
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underſtood mathematically: For by a Point we 
underſtand a ſmall Space, being that which other- 
wiſe is call'd a phyſical Point (Exp.). 

In order to demonſtrate this Propoſition, we 
muſt conſider that the Angle Ro C is the Comple- 
ment of the Angle of Refraction to a right Angle; 
and the Angle ro C is alſo the Complement of the 
Angle of Refraction to a right Angle; and ſo the 
Lines Ro, ro are the ſecant Comp. of the Angles of 
Incidence and Refraction, ſuppoſing o C to be the 
Semi- diameter; between which Secants there is a 
conſtant Ratio (919. 917.). In the ſmall Divergence 
Ro and RC, as alſo ro ander C, they do not ſen- 
ſibly differ; therefore between RC and rc there 
is a conſtant Ratio; that is, r is fixed as well as 
R, although the Inclination of the Ray is changed. 
Wherefore Ra is refracted along aA, as if it proceed- 
ed from y; and r C is to CR, as the Sine of the Angle of 
Incidence is to the Sine of the Angle of Refraction (g 19.) 


If the Rays are too much diſperſed, this Demonſtra- 933. 


tion will not hold good, and the Place of Concur- 
ence r cannot be taken for a Point: In this Caſe, a 
little Circle muſt be there conceiv'd, in which all the 
Rays meet, which will be ſo much the greater, as the 
Angle formed by the divergent Rays is greater. 


F ſome Rays, proceeding from R, are not too much 934. 


diſperſed, but fall obliquely upon the Surface E S, 
they will be refracted as if they proceeded from a Point 
ſo much the more remote from the Point r, as the 
Rays are more oblique. 


The convergent Rays, ſuch as An, Bo, GC,935. 


which paſs out of a denſer Medium X into a rarer Z, 
concur ſooner than they would concur if they 
ſhould continue their Motion in the denſer Me- 
dium (708), that is, become more convergent, and 
the real Focus is leſs diſtant than the imaginary 


one (930.). In this Figure the imaginary Focus 


is r, and the real Focus R (909.). This Propo- 
ſition is properly the Inverſe of the Propoſition of 
Ne 932. and therefore here too, from the known 


Q 


Ratio 
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Ratio of the Sines of the Angle of Incidence and 
Refraction, if r be given we can find out R. | 
When convergent Rays, ſuch as HD, Ip, Lg, 
having the ſame imaginary Focus f, go out of 4 
rare Medium Z. into a denſer X, they become ef; 
convergent (907.), and concur in the Focus F; 
which is more diſtant from the Surface E S (930.), 
as appears by applying here the Demonſtration 
given in N* 932. by which alſo is deduced the 

Method of determming the Point F (Exp.). 

Rays coming from the Point F, and going out of 4 
denſe Medium into a rarer, do become more divergent, 
and will move as if they came from f(909.) ; which 
Propoſition is the Inverſe of the aforegoing one. 


CHAP. X. 


Of the Refrattion of Light, when the 
Mediums are ſeparated by a ſpherical 
Surface. 


ET X and Z be Mediums of a different 

Denſity, the former being the moſt denſe of 
the two. Let the ſpherical Surface E S ſeparate 
them, whoſe Centre is C, and whoſe Convexity 
is turned towards the rarer Medium. 

In order to examine the moſt ſimple Caſe firſt, 
let us ſuppoſe the Rays, as BO, An, going out of 
the rarer into the denſer Medium, to 2 upon the 
convex Surface before mention'd. Let one of them, 
as BO, which continued out, paſs through the 
Centre C, and fall perpendicular to the Surface 
ES; and therefore it is not turned out of its 
ſtreight way (912.). All the Rays not too far diſtant 


from that Ray come nearer to it by tho Refraction 


of the denſer Medium, and are united into one 
Paint F. For Example, let An be a Ray, which 
is refracted along »F; through the Point » draw 
the Semi-diameter C to the Centre C, which 
continue out to 2; ſince this is perpendicular 

to 
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to the Surface ſeparating the Mediums, the Angle 
of Incidence Anp, is equal the Angle »xCO 
(29. 1. Elm.): The Angle of Refraction is Cx F. 
If the Arch O be but ſmall, theſe Angles are gs 
their Sines, whoſe Ratio is conſtant (917.) There- 
fore theſe Angles CO and CF do increaſe and 
decreaſe in that fame Ratio; as alſo does their 
Difference (19. 5. Elm.), viz, the Angle FO 
(32. 1. Elm.);, which conſequently is in the Ratio 
of the Arch 10, the Meaſure of the Angle CO: 
As long as the Arch 2 is but ſmall, if F re- 
mains, the Angle F O as to Senſe is increaſed and 
diminiſhed in the ſame Ratio as that Arch; and 
ſo all the Rays between An and BO do by their 
Refraction ſenſibly meet in the Point F. If che 
Ratio between the Sines of the Angles of Incidence 
and Refraction be given, the Ratio between the 
Difference of the Sines, and the Sine of the An- 
gle of Incidence will be known, which is the 
Ratio between the Angles » FO, CO, which 
fince they are but ſmall, are inverſely as OF to 
OC, and therefore as the Semi-diameter of the 
Surface to the Diſtance of the Focus from the Sur- 
face (Exp.). 

Again let X be the denſer Medium, and Z the Plate IX. 
rarer; and let them be ſeparated by the ſpherical F. 7+ 
Surface ES, whoſe Centre is at C, and whoſe 
Convexity is next to the rarer Medium; from the 939. 
radiant Point R let Rays proceed, and enter into the 
denſer Medium through the ſaid Surface, ſo that one 
of thoſe Rays, as RO, continued out, may paſs 
through the Centre C; this is not refracted, and 
all the reſt of the Rays come towards it by the 
Refraction, and when they do net diverge too much, 
are collefted into one Point, as F, after the ſame 
Manner as has been ſaid of parallel Rays; but 
with this Difference, that in this Caſe the Focus 
F is more diſtant (Exp.). 
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941. 
farther off, when R comes the nearer, and contrary- 


Rays will become parallel (Exp. 


An EXPLANATION 


Alſo the ſame Demonſtration as we have given 
for parallel Rays takes Place here, which is built 
upon this Foundation, that the Angle of Incidence 
increaſes in the ſame Ratio as the Arch O, which 
alſo obtains here, if the Arch 20 be but ſmall. 

Let Rx be a Ray of Light, through » raw 
Cup from the Centre C: The Angle Rp will be 
the Angle of Incidence : Divide this into two Parts 
by the Lins 19, parallel to the Line ROC; the 
Part png is equal to the Angle »CO, which is 
meaſured by the Arch zO, and which therefore is 
in the ſame Ratio with that Arch; which Ratio 
alſo, ſuppoſing this to be but ſmall, is in the Ra- 
tio of the Angle RO, equal to the ſecond Part 
of the Angle of Incidence. Which alſo does 
wholly increaſe and diminiſh in the fame Ratio as 
the Arch » O; for that Ratio which holds in every 
Part ſeparately, will be the ſame of the ſeveral 
Parts taken together (12. 5. Elm.). 

The ſame Demonſtration may be applied to an 
diverging or converging Rays, which in any Caſe 
are refracted in paſſing through a ſpherical Sur- 
face; and which, as is manifeſt by this Demon- 
ſtration, when they diverge but a little, have 
either a real or imaginary Focus, or are parallel 
to one another; which is enough to have here ob- 
ſerv'd in general. 


The Focus F of the Rays that come from R, goes 


wiſe. For when the radiant Point is brought 
nearer, if the Point z remains, the Angle of Inci- 
dence is increaſed ; and as it increaſes, the Angle 
of Refraction F C does ſo too, and F inter- 
ſects RC at a greater Diſtance (Exp.). 

The radiant Point may be brought ſo near the Sur- 
face abovemention'd, that the Focus will recede to 
an infinite Diſtance; that is, /o that the refracted 


if 
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If the radiant Point R be brought ſtill nearer, the 943. 


refracted Rays will diverge, but yet leſs than the in- 
cident Rays (Exp.). 


If the Rays which going out of a rarer Medium 44. 


enter through a ſpherical Surface into a denſer Me- 
dium, be convergent, and tend to the Centre of the 


Surface, they will not be refracted (912.). But if 


they tend to any other Point, ſince they are refracted 
towards the Perpendicular (907.), the Rays are 
ſo inflected, that the Focus of theſe convergent 
Rays will always fall between the Centre of Sur- 
face ſeparating the Mediums (to which all the Per- 


pendiculars tend) and the Point towards which the 


incident Rays tend ; that 1s, if the imaginary Focus 
of the incident Rays be at a leſſer Diſtance than the 
Centre, the refracted Rays are leſs convergent : But 
if the ſaid imaginary Focus be beyond that Centre, 
the refracted Rays will be more convergent (Exp.). 


From what has been hitherto ſaid, we may 946. 


eaſily determine what happens when the Rays 
move the contrary way (909.) 3 that is, the Motion 
of the Rays, out of the denſer into the rarer 
Medium when the convex Surface remains next to the 
rarer Medium. 

Parallel Rays, after the Refraction, concur in the 
Focus (942.) 


The Rays that come from a radiant Poiat, do alſo gay. 


meet in a Point or Focus (939.); and as this Point 
is brought nearer, the Focus goes farther off, and con- 


trariwſe (941.). 


The radiant Point may be ſo placed, that the Locus g 


will fly off to an infinite Diſtance; that is, the Rays 
' will become parallel (938.). 

If the radiant Point be brought nearer, the re- 
frafted Rays will diverge; but yet leſs than the inci- 
dent Rays, if the radiant Point be more diſtant from 
the Surface than the Centre. 


48. 


But if the radiant Point he between the Surface and g 0. 


Centre, the refracted Rays will be more divergent (945. 
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If the Rays are convergent, they become more con- 
vergent in every Caſe, which follows from the Re- 
fractions being made towards the Perpendicular 
(908.), and is alſo deduced from N* 943. 

Let us again ſuppoſe the Rays to go out of the rarer 
Medium into the denſer X, and that the concave 
Part of the ſpherical Surface E. S is next to the rarer 
Medium. If the Rays, as BO, Az be parallel; 
BO, which goes through the Centre C of the Sur- 
face, ſuffers no Refraction; but An is refracted 
towards the Perpendicular Cy through » G (907.), 
and being continued towards Z, cuts BCO in f, 
which is alſo true in reſpe& of the Rays BO and 
An (940.); therefore theſe Rays become diver- 
gent, having their imaginary Focus f in the rarer 
Medium; which may eaſily be determin'd by the 
Rule laid down in N* 938. (Exp.). 

If Rays come from a radiant Point R in CB be- 


| youd C, the Angle of Incidence AnC is dimi- 


niſhed, and ſo likewiſe is the Angle of Retraction 
Gnp; that is, the Rays become more diverging, and 
the imaginary Focus f comes nearer to C (924.); 
until by the Acceſſion of the radiant Point, it at 
length coincides with the imaginary Focus at C; for 
in that Caſe the Rays are not refracted (912.) 
(Exp.). 

If the radiant Point comes nearer between C and O, 
the imaginary Focus will be more diſtant from O than 
the radiant Point; for it is always between that Point 
and C, becauſe the Angles of Refraction are leſs 
than the Angles of Incidence (907.). 

If the Rays be convergent, and the Point of Con- 
currence be in the denſer Medium, near the Surface 
which ſeparates the Mediums; the refratted Rays 
will alſo converge, but leſs than the incident Rays 
(Exp.). 

If the imaginary Focus of the incident Rays recedes 
more and more from O, that is, if they converge 5 , 

he 
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the refracted Rays will alſo converge leſs, until by the 
2 on y the imaginary Focus the Rays become paral- 
lel (Exp.). 

If the imaginary Focus ſtill comes nearer, the re- 957. 
fracted Rays become divergent (Exp.). 

Rays which come from a denſer Medium into a rarer, 958. 
the concave Surface being flill towards this laſt, are 
almoſt all ſubject to the ſame Laws. 

Parallel Rays by Refraftion become divergent 
(956.910.). 

If they proceed from a radiant Point, they become 959. 
more di ver gent (955.). 

And they ſtill diverge more and more, as the radi- 960. 
ant Point is brought nearer (956.). 

Convergent Rays, which tend to the Centre of theg61. 
[pherical Surface, undergo no alteration (912.). 

If they converge more or leſs, the imaginary Focus 962. 
of the incident Rays will always be between the Centre 
of the Surface ſeparating the Mediums, and the Focus 
of the refracted Rays (953. 954-.), which can recede 
ad Infinitum /o as to make the refracted Rays be- 
come parallel (952.). 

We determine from theſe Propoſitions, whether 963. 
the Focus be real or imaginary : In the latrer Caſe 
the radiant Point and the Focus are both on the 
ſame Side the Surface ſeparating the Mediums, bur 
in the former they are ſeparated by this Surface. 
In the Scholiums to our Elements we give a uni- 
verſal Demonſtration, which 1s applicable to all 
the Caſes aforemention'd, by which it appears, 
that the Diſtance between the radiant Point and the 
Focus of parallel Rays, whether real or imaginary, 
coming from the contrary way, ts to the Diſtance be- 
tween the radiant Joint and the Surface, as the Di- 
ſtance between the ſame Focus of the parallel Rays, and 
the Centre of the Surface is to the Diſtance of the 
Focus ſought, whether real or imaginary, from the 


Surface. 
Q 4 We 
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965. 


966. 


Plate X. 
Fig. 2. 


Plate X. 
Hg. 3. 


969. 


An EXPLANATION 


We have hitherto conſider'd ſuch Rays, whoſe 
Inclination to the Surface ſeparating the Mediums 
is but ſmall ; for we have mention'd ſuch incident 
Rays as diverge but little, and one of which is 
perpendicular to the Surface ſeparating the Me- 
diums, to which only the Rule determining the 
Focus can be applied; as to the reſt, the ſame Pro- 


poſitions nearly hold good in oblique Rays, yet in this 


Caſe all the Rays are inſlected; which does not hap- 
pen when the Rays are direct; for the Ray which 
is perpendicular to the Surface is not inflected. 
Oblique Rays alſo undergo a greater Refraction, 
that is, they are more inflefted, either to and from 
each other, than direct ones under the ſame Cir- 
cumſtances. 

Let Z be a rarer, and X a denſer Medium, 
ES the Surface ſeparating the Mediums, whoſe 
Centre is at C; the parallel Rays An, Bm do con- 
cur in F. And the Rays coming from the radi- 


ant Point R, meet in the Focus f. 


If the Surface be turn'd, ſo as its concave Side 
be next to the rarer Medium, the Point f will be 
the imaginary Focus of the parallel Rays An and 
Bm. But its Diſtance from the Surface ES, as 
alſo from the aforeſaid Foci F and f (in Fig. 2.) is 
leſs than if the Rays were direct. 

All the Points of a lucid Body, are radiant Points, 
and have each their particular Focus; which if they 
all fall upon a white Plane, they will form the 
Picture of that lucid Body, which, for Example, 
is a Candle (Exp.). 

The Candle is repreſented inverted, becauſe the 


refracted Rays, which proceed from different 


Points, do mutually interſect one another. For 
which Reaſon, if there be two Candles, their Si- 

tuation in the Repreſentation will be changed. 
All the Changes that happen in Light, concerning 
which we have ſpoken in this Chapter, are /o much 
ihe 
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diums is more Curve, that is, @ Portion of a leſſer 


Sphere. 
CHAP. XI. 


Of the Motion of Light through a denſe 
Medium, as alſo concerning the Proper- 
ties of Lenſes. 


HE Uſe of Glaſſes is common, they are 

denſer than Air; and the Rays coming out 
of the Air into Glaſs, paſs through it into the 
Air again. Light undergoes different Changes in 
its Paſſage through Glaſſes, according to the vari- 
ous Surfaces that terminate them, In order to 
determine which, the Glaſſes or any Mediums en- 
compaſſed with a rarer Medium, terminated with 
different Surfaces, muſt be examined. There are 
fix Claſſes ariſing from the ſole Conſideration of Plane 
and Spherical Surfaces. 

1. The Medium may be plane on both Sides, 
2. It may be plane on one Side and convex on the 
other. 3. It may be convex on both Sides. 
4. It may be plane on one Side, and concave on 
the other. 5. It may be concave on both Sides. 
6. It may be concave on one Side, and convex 
on the other. 


DeFriniTion I. 


If Glaſs be uſed, and it be not very thick, ſuch 
a Glaſs as is mention'd in the five laſt Claſſes, is 
call'd @ Glaſs Lenſe. | 

In the ſecond and third Claſs, a Lenſe is faid to 
be convex ; and if theſe two Claſſes are to be di 
ſtinguiſn'd, in the ſecond it is call'd a Plano 
Convex Lenſe. And ſo in the fourth Claſs it is 
ſaid to be Plano-Concave; though both theſe 


970. 


971. 


Claſſes and the Fifth are gn reckon'd as 


Concave Lenſes, But a Concavo-Convex Lenſe, 
is reckon'd amongſt Concave or Convex Lenſes, 
according 
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according as the one or the other ſurface predomi- 
nate; and that is faid to be predominant which is 
moſt curve, that is, which is a Portion of a leſſer 
Sphere. 


234 


DeriniTion II. 


In any Lenſe or Medium terminated any how, ac. 
cording to what has been already ſaid, the right Line 
which is perpendicular to both the Surfaces is call d 
the Axis. When both the Surfaces are ſpherical, 
the Axis paſſes through both their Centres; but if 
one of them be a Plane, it falls perpendicular upon 
that, and goes through the Centre of the other. 

973. In the Paſſage of Light through a Medium, 
terminated by two plane Surfaces, the Direction of 
the Rays is not changed (911.): which is the Caſe 
in plane Glaſs. | 

974. It is the Nature of all Sorts of Convex Lenſes, that 
the Rays in their Paſſage through them are inflexed 
towards one another; ſo much the more as the Con- 

975. vexity is greater: But of Concave ones, that the Rays 
are deflected from one another, according as the Con- 
cavity is greater. For the Direction of the Rays 
through a plane Glaſs is not changed (973.). But 
upon inflecting one or both the Surfaces, the Rays 
will have another Direction: They are more de- 
flected towards the Axis of the Lenſe, becauſe of 
the Convexity of the Surface of the Glaſs; and by 
making the Surface Concave, they are deflected 
from the Axis; as is evident in every Caſe, by 
comparing the Inflection in the plane Surface, per- 
pendicular to the Axis of the Glaſs, with the In- 
flection in the ſpherical Surface. And the Diffe- 
rence of their Inflections, that is, the Change of 
the Direction of the Rays, increaſes with the Di- 
ſtance from the Axis; and in every Direction of 
the Rays it is ſo, as well in oblique as direct 
Rays. But the Changes are greater in oblique 

076, than in direct Rays; becauſe tbe Angles of Incidence 

are 


972. 
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are greater. From which we deduce the following 
Properties of Lenſes. 

Parallel Rays, in paſſing through a convex Lenſe, 977. 
concur in the Focus (Exp.). | 

Divergent Rays either diverge leſs, or run parallel, 978. 
or elſe converge ; in which Caſe as the radiant Point 
goes farther off, the Focus comes nearer, and contrari- 
wiſe: And this is the Caſe when the radiant Point 
is farther diſtant from the Lenſe than the Focus of 
parallel Rays (Exp.). 

Laſtly, Convergent Rays converge more when the 979. 
Light emerges out of the Lenſe (Exp.). 

All theſe hold in oblique Rays; concerning which 980. 
we muſt obſerve that the Diſtances of the Foci of the 
emerging Rays, are leſs than in the dirett Rays, and 
the other Changes are more /enſible (976.) (Exp.). 

Theſe are all deduced by examining the double 
Refraction in the Entrance and Emerſion of the 
Light. And this double Refraction is viſible in 
every Caſe, from the Experiments by which the 
above-mention*d Properties of Convex Lenſes are 
confirmed. 

All the Points of a lucid Body, as has been 981. 
already faid, are radiant Points (967.); and if 
placed at a proper Diſtance from a Convex Lenſe, 
will each of them have its particular Focus (978.). 

Let a lighted Candle be placed at ſuch a Diſtance 982. 
from a Convex Lenſe, as to be beyond the Focus 
of parallel Rays: Then will it be repreſented upon 
a white Plane, behind the Lenſe, by the ſeveral 
Foci of the Points of the Flame, and have an in- | 
verted Situation, becauſe of the Interſection of the | 
Rays in their Paſſage through the Glaſs (Exp.). | 

. Convex Lenſes are aiſo Burniag Glaſſes, becauſe 983. 
they collect the Sun's Rays (977.), which, becauſe 
of the vaſt Diſtance of the Sun, may be looked 
upon as parallel. But the Rays collected in the 
Focus, becauſe the Fire which was before diſperſed 
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984. 


985. 
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is now united, and, becauſe the Motion of Fire is 
in all Directions, do violently burn. 

When the Rays are not collected ſufficiently | 
exact, becauſe of the bigneſs of the Lenſe; before 
they come to the Focus, they muſt be tranſmitted 
through an other leſſer Convex Lenſe, by which 
they will be reduced into a ſmaller Compaſs, fo as 
to burn more violently. 

As to Concave Lenſes, and their Properties, 
they may eaſily be deduced from what has been 
ſaid (975.). | 

Parallel Rays become divergent by paſſing through a 
Concave Lenſe (Exp.). 


986. Divergent Rays diverge the more (Exp.). 


987. 


989. 


Convergent Rays, either converge the leſs, or be- 
come parallel; or (as it happens in thofe that con- 
verge the leſs) go out of the Lenſe diverging (Exp.). 

All which things happen in oblique Rays, as well 
as in direct ones, but more ſenſibly in the Firſt (976.) 
(Exp.). 

In the Scholiums to our Elements we lay down 
the following univerſal Propoſition, with a gene- 
ral Demonſtration thereof, concerning the Deter- 
mination of the Foci, when the Rays are direct, 
not much diſperſed, and the radiant Point is in 
the Axis of the Lenſe. The Propoſition is this; 
As the Diſtance between the radiant Point and the 
Focus (whether real or imaginary) of parallel Rays 
proceeding from the contrary Part, is to the Di- 
ſtance of this Focus from the Glaſs, ſo is the Diſtance 
between the radiant Point and the Glaſs, to the Di- 
ftance from the Glaſs of the Focus ſought. Which 
Focus 1s imaginary, and 1s on the fame Side the 
Glaſs as the radiant Point, in thoſe Caſes in which 
we ſaid the Rays diverge after their Refraction. 


CHAP. 
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CHAP. XII. 
Of Viſion, and the Make of the Eye. 


HE Properties of Light and Laws of Re- 
| fraction which we have already explain'd, 
are of admirable Uſe in repreſenting Objects to our 
Mind. 

By theſe Laws the Objects are beautifully 
painted in their proper Colours, in the Bottom 
of the Eye; and this Picture, as we ſhall ſhew 
(999.) is the Cauſe of the Ideas which are excited 
in our Mind concerning the Things which we ſee. 

How this Picture is formed in the Bottom of 
the Eye, cannot be explain'd without examining 
a Property of Light not yet known; viz. its 
Diviſibility, which exceeds our Comprehenſion. 


DEeFini1TION. 
A Body which is not lucid, and intercepts Light, 990. 
is calPd an Opaque Body. 

There are ſeveral Opaque Bodies, when exactly 991. 
poliſhed, except ſuch as are perfectly black, if 
there be any ſuch, that have the Property of di- 
viding Light; for they refleft the Light ſo, that 
the Rays which are driven back from every Point are 
divided, and recede every way; ſo as every Point of 
the Body becomes as it were a radiant Point, from 
which the Light goes every wr þ 

Hence we deduce a Method to paint Objects 992. 
upon a white Plane ; for all the Points of an en- 
lighten'd remote Body, from which the Rays 
come upon a Convex Lenſe, have their Focus be- 
hind the Lenſe (978. 980.). The Foci of diſtant 
Objects, though not exactly, are ſenſibly at the 
ſame Diſtance from the Lenſe; thoſe Objects by 
theſe Foci may be repreſented in the ſame Plane; 
which Repreſentation is inverted, becauſe of the 
Interſection of the Rays in paſſing through the 
Glaſs, and ſenſible in a dark Place, in which the 

Light 
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Light no way comes but 2 the Lenſe, and 
only that Light by which the Objects are painted. 

This will do wherever the Lenſe is placed, and 
in reſpect of all the Points of Objects, enlight- 
en'd by the Rays of Light, from which right 
Lines may be drawn to the Lenſe without inter- 
ruption ; thus we prove by the ſame Experiment 
the aforeſaid Diviſibility in Light, and the Apt- 
nefs of Light being divided by the Bodies that 
reflect it. 

Let there be a Hole in a dark Place oppoſite to 
ſeveral Objects, that are at leaſt fifty Feet off, or 
farther. In this Hole place a Convex Lenſe, 
which collects parallel Rays at about four or five 
Feet; if a white Plane be placed behind the Lenſe 
a little farther from it than the ſaid Diſtance, all 
the Objects will be painted upon it in very beauti- 
ful Colours: But you muſt obſerve to place the 
Lenſe ſo as to be parallel to the Plane; as alſo to 
move the Lenſe or Plane to ſuch a Diſtance, at 
which the Objects will appear the moſt exact poſſi- 
ble (Exp.). 

This Repreſentation of the Objects has a great 
Affinity with that by which the Objects which 
we fee are painted in the Bottom of the Eye, as 
will be evident from the Make of the Eye. 

The Figure of the Eye, when taken out of the 
Head, is almoſt ſpherical; the fore Part only be- 
ing ſome what more convex than the others. 

The Section of the Eye is repreſented in this 
Figure. | 

The Part AA, which is the moſt convex, is 
tranſparent, and call'd the Tunica Cornea. 

The whole Integument or Covering of the Eye, 
except the Cornea, is call'd the Sclerotica, BAAB; 
the fore Part of the Sclerotica, which is next to 
the Cornea, cover'd with a thin Coat, is call'd the 
Adnata ;, which alſo, by reaſon of its Colour, is 
call'd the ¶ bite of the Eye. 


Behind 
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Behind the Cornea is a Coat call'd the Uvea, a 
little diſtant from the Cornea, having an Hole 
pp in the Middle calPd the Pupil. 

The Uvea is made up of concentrical circular 
Fibres, interſected by ſtreight Fibres at right 
Angles. If the firſt are ſwell'd, the laſt are re- 
laxed, and the Pupil is leſſenꝰd or contracted; and 
a contrary Motion of the Fibres increaſes or wi- 
dens It. 

In the Middle of the Eye, but near the fore 
Part, there is a tranſparent ſoft Body CC, in the 
Figure of a Convex Lenſe, whoſe hind Part is 
more convex than the fore Part. It is call'd the 
Chryſtalline Humour; the Axis of it coincides with 
the Axis of the Eye, that paſſes through the 
Centre of the Pupil, and that of the whole Eye. 

This Chryſtalline Humour is ſuſtain'd by ſmall 
Fibres or Threads, which are fixed to all the 
Points of its Circumference, and likewiſe to the 
inſide of the Eye: They are bent in figure of an 
Arch, and every one of them is a Muſcle, being 
call'd Ligamenta Ciliaria, two of which are re- 
preſented by IC, IC. They all cohere to one 
another, and together with the Chryſtalline Hu- 
mour, make a Separation in the Eye, and divide 
it into two Cavities, the one forwards pp, and 
the other backwards SS. 

The foremoſt Cavity is fill'd with a Liquor like 
Water, and is call'd the Aqueous Hlumour. 

The hindmoſt Cavity is fill'd with a tranſpa- 
rent Humour, nearly of the fame Denſity with 
the Aqueous Humour, but not ſo Fluid, call'd 
the Pitreous Humour. 

The hindmoſt and inward Surface of the Eye 
is cover'd with a Coat, call'd the Choroides, which 
is again cover'd with a thin Membrane, call'd 
the Retina. 

At the back Part of the Bulb of the Eye, a 
little on one Side, is the optick Nerve NN, fo 

| joyn'd 
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Join'd to the Eye, that the Eye itſelf is, as it 
were, an Expanſion of the Optick Nerve; for 
the expanded Coats of the Nerve form the Cho- 
roides and the Sclerotica; and the Fibres of which 
the Retina conſiſt, do concur, and form the Mar- 
row of the Nerve. 

The Eye moves in the Head by ſeveral Muſ- 
cles cohering in the Scleroticaz but we ſhall not 
treat of them here; for as we only conſider the 
Eye, with regard to the Motion of Light, we 
deſignedly forbear taking Notice of any thing 
elſe, 

996. The Rays proceeding from any Point, and entering 
into the Eye through the Pupil, out of a rarer 
into a denſer Medium through a ſpherical Sur- 
face; and therefore if that Point be at @ convenient 
Diſtance from the Eye, the Rays will converge after 

997. Refraction (939.) ; therefore ſuppoſing the Cornea, 
and the Aqueous Humour, and there will be in the 
Eye an inveried Picture of the Objects (991. 992.). 
(Exp.). 

It the above-named Picture in the Eye, falls at 
too great a Diſtance from the Cornea, and be- 
yond the bottom of the Eye, the Diſtance is leſ- 

998. ſen'd by Means of the Chry/alline Humour; which 
is ſurrounded by Mediums of leſs Denſity ; for 
the Rays converging in the Aqueous Humour, 
paſs through the Cryſtalline into the. Vitreous 
Humour ; that is, they go out of a rare Medium 
into a denſer, which is terminated by two ſpheri- 
cal Convex Surfaces, into a rarer Medium again ; 
by which Motion the converging Rays become 
ſtill more converging (979.), and do ſooner meet; 
and the Pifture afore/aid falls within the Eye (Exp.). 

999. The Objects, as before explain'd, which are re- 
preſented in the Bottom of the Eye, are painted upon 
the Retina; and by the Motion of the Light, the 
lender Fibres, of which the Retina conſiſts, are agi- 
tated; by which Agitation the Ideas of the Objetts 

RTE painted + 
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painted in the Eye are excited in the Mind. The 
Connexion between the Ideas and the Motions by 
which they are excited, is unknown to us, as has 
been obſerv*d before (699.) : The Agitation of the 
Nerves 1s as far as we can go in the Determina- 
tions of the Cauſes of Senſations (700.). 
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The more exaft the Picture above deſcribed is, the 1000. 


more diſtinct will the Objects appear. 


When the Rays proceeding from the ſame Point 1001. 


do not exaftly meet in the Retina, the Picture of 
it is not a Point, but a Spot, which is confounded 
with the Pictures of the adjacent Points; in which 
Caſe the Viſion is confuſed. 


But when, according to the different Diſtance of the 1002. 


radiant Point, its Focus be more or leſs removed 
(941.), there muſt of neceſſity be a Change in the 
Eye, left the Place, in which the Picture is exact, 
ſhould fall ſhort of, or beyond the Retina, and ſo the 
Viſion be confus d. | 

But it is very difficult to determine what this 
Change is; and the Opinions of Philoſophers 
about 1t are different : I ſhall only obſerve in ge- 


neral, that it is very improbable the Figure of the 1903. 


whole Eye fbould be changed, in order to move the 
Retina backwards or forwards ; and therefore that 
Change is to be ſought within the Eye. 

For if the Figure of the Eye was changed, as 
this Change muſt be equally neceſſary in the Eyes 
of all Animals, their Eyes would undergo the 
ſame Changes : For the ſame natural Effects can- 
not have different Cauſes. In the Whale the 
Sclerotica is too hard, to be ſubject to any Varia- 
tion of Figure. Beſides, if there were ſuch a Mu- 
tation in the whole Eye, this would ariſe from the 


Preſſure of external Muſcles, which would be 


different in different Situations of the Eye, and 
only regular in one Situation of it. 


Now if we obſerve the Inſide of the Eye, it 1004. 


will app:ar neceflary that there ſhould be a 
| R 
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Change in the Cryſtalline Humour, which by 
changing its Place or Figure in the Eye, will pro- 
duce the Effect defired; for the Rays thar fall 
upon the Retina before they are united, will he 
made to unite exactly upon the Retina, if the 
Cryſtalline Humour be made more convex (974.), 
or if, its Figure remaining the ſame, it be brought 
more towards the fore Part of the Eye. 


1003. That he Situation of the Cryſtalline Humour is 


eafily changed, and that it is brought nearer to, or re- 
moved farther from the Retina, 1ts Axis remaining 
the ſame, is evident, becauſe the Ligamenta Cili- 
aria are muſcular : When theſe Muſcles are ſwell'd, 
and become ſhorter, the Cavity, which their In- 
flection makes in CI, C1 1s leflen'd; by which 

the Aqueous Humour is compreſſed, and ſo it 
preſſes upon the Cryſtalline Humour, and pro- 
pels this laſt, and will increaſe its Diſtance from 
the Retina. 

1006. From an Experiment which we ſhall mention 
hereafter (1038.) it is demonſtrated, that there is 
ſill another Change in the Eye that acts contrary 
to this, and the Cauſe thereof we ſhall ſhew. 
The ſecond Change is alſo to be aſcribed to the 
Cryſtalline Humour ; this whez 1t 1s drawn by the 

1007, Ligamenta Ciliaria, ro make it recede from the 
Bottom of the Eye, becomes alſo flatter, which it 
muſt be when the Objects are remote (941.), and 

1009, that it is neceſſary that the Figure of the Cryſtalline 
Humour be more changed, than if it had an unaiterable 
Situation: Which we ſhall ſhew to be of uſe (1016.). 

But in N*1011, I ſhall ſhew why diſtinct Vi- 
ſion is to be attributed to the Change of the Fi- 
gure of the Cryſtalline Humour, and not to that 
of the whole Humour itſelf. 

Theſe Changes in the Eye have their Limits 

1009. for which reaſon alſo Objects ' only appear diſtinci 
within certain Limits, wich are at different Di- 

1510. ſtances, according to the Differences of Perſons Eyes 3 

an 
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and even in the ſame Man it very often happens that 
both Eyes bave not the ſame Limits, which is nearly 
of the ſame uſe, as if the Limits of both Eyes 
were more diſtant from each other: For one ma 
ſee an Object ſufficiently diſtinct with but one Eye. 
In ſome Perſons alſo the neareſt Limit of one Eye 
is farther off than the moſt remote of another : 
In which Caſe near Objects and diſtant Objects 
are ſeen diſtinctly, but the intermediate ones ap- 
pear confuſed. 

Notwithſtanding, ſometimes it happens, but1o1t. 
very ſeldom, that the Eye is ſo flexible, that it 
can ſet it ſelf in ſuch manner as to ſee diſtinctly 
near Objects, and ſuch as are remote; which is to 
be aſcribed to the Change of the Figure of the 
Cryſtalline Humour : For if we ſuppoſe this to 
prone from the Change of Place of the Cryſtal- 
ine Humour, the greateſt which can poſſibly hap- 
— in the Eye will not be ſufficient to explain the 

hænomenon. 

The Picture in the Bottom of the Eye, as has 1012. 
been explain'd (997.), is inverted : From whence 
we may aſk why Objects appear erect? To which 
we anſwer, by demanding another Queſtion, whe- 
ther 1t is eaſier to conceive the Connexion between 
an Idea in the Mind, and an erect Figure, than an 
inverted one? We confeſs that we have no Notion 
of that Connexion in either Caſe ; but know by 
Experience that there is a Connexion between an 
inverted Picture in the Mind, and the Idea of an 
erect Object; and this is all that we know. 

If we look at the ſame Object with both Eyes, it 1013. 
will appear ſingle : But this happens only when the 
Object is painted in correſpondent Points of each 
Retina; which probably happens from the Meeting 
of the Optick Nerves. For it is obſerv'd in all 
Animals which ſee the ſame Object with both 
Eyes, that the Optick Nerves meet and ſeparate 
again before they come to the Brain, But in Ani- 

R 2 mals 
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mals which ſee different Objects with each Eye, 
the optick Nerves go ſeparately from the Eyes 
quite to the Brain. 

1014. Only one Point at a time can be ſeen diſtinctly, Viz. 
that which 1s repreſented in the Axis of the Eye; 
if any one looks with both Eyes at one Point, he 
muſt move his Eyes fo, that the Axis of both of 
them, when continued out, do meet in that Point; 
which happens when his Eyes are intent upon any 
Point. 

By this Direction of the Axis we judge of the 
Diſtance of Objects; for the Situation of the Eyes 
is different, according to the different Angle form- 
ed by the Axis, which Angle depends upon the 
Diſtance of the Object: Whence it happens, with- 
out our perceiving it indeed, that by Uſe we get a 

Habir of judging of the Diſtance from the Dire- 

101 . ion of the Axis, which is ſenſible to us, becaufe 
it depends upon the Motion of the Eye of which 
we are ſenſible. Therefore we may obſerve the 
Uſe of having two Eyes placed at a certain Di- 
ſtance from one another ; as long as this Diſtance of 
the Eyes has a ſenſible Proportion to the Diſtance of 
the Objects, e can judge of it ſuſſiciently exadt. 

1016. Wie can alſo judge of little Diſtances with one Eye 
alone; becauſe the Change of the Eye is ſenſible 
in the Variation of a ſmall Diſtance (1005. 1008.). 

1017. In great Diſtances, if we look at known Objects, 
we judge from the apparent Magnitude and their Colour. 

1018, Jt is impoſſible to judge of great Diſtances, except 
the ſame Object be ſeen from different Places. 

1019. The apparent Magnitade of an Object depends upon 
the Bigneſs of the Picture in the Bottom of the Eye, 
and this Picture depends upon the Angle under which it 
appears, viz. the Angle which is formed by Lines 
drawn from the Ends of the Object to the Eye. 

1020. This apparent Magnitude is to be diſtinguiſhed 
from that Magnitude which our Mind gives to the 
Ore which we ſee, which laſt is founded _ 


F the Newtonian Philoſophy. 
the Judgment, whoſe Foundation is not in the 
Appearance alone. Every one knows that the 
Object appears the leſs, according as it is more 
diſtant z from whence it is, that according to the 
greater Diſtance of the Object, if it be known, the 
apparent Magnitude of the Object is increaſed in 
the Judgment ariſing in the Mind, which is done 
indeed without our perceiving it. Therefore the 
ſame Object, at the ſame Dillance, appears of a 


different Magnitude, if we judge differently of the 
Diſtance. 


The Sun and Moon are remarkable Examples 102 1, 


of this, which appear greater when they are near 
the Horizon, than at a greater Height ; though, 
as Aſtronomers know, the Sun's Picture in the 
Bottom of the Eye is the fame in both Caſes, and 
that of the Moon is leſs, when it appears greater 
near the Horizon; we cannot judge of the Di- 
ſtance (1018.), but it appears greater near the Ho- 
rizon, becauſe of the Interpoſition of Fields and the 
Heavens. If the Bodies aforeſaid be view'd thro? 
a Tube, this apparent Diſtance vaniſhes, and with 
it the Magnitude deduced from it. From our In- 
fancy, and ever after, we get a Habit perpetu- 
ally of joining the Idea of Diſtance with the In- 
creaſe of apparent Magnitude (which is neceſſary 
to make a true Judgment concerning the Magni- 
tude) by which theſe Ideas are fo cloſely connect- 
ed, as they cannot be ſeparated, not even in 
thoſe Caſes in which we know they lead us into 
Error. Logicians know how many Errors are to 
be attributed to Ideas thus joined. 


R 5 CHAP. 


245 


246 An EXPLANATION 


CH AP. XII. 


Of Viſion through Glaſſes, and the Corre- 
ct ions of ſome Faults of the Eyes. 


N Obje& is viſible, becauſe all its Points 
A are as it were radiant Points (996. 997. 
1022.998.) ; therefore a Point appears in that Place from 
whence divergent Rays are emitted. | 
1023. I Rays any how inſtected, enter the Eye diverg- 
ing, the viſible Point will be in the imaginary Focus 
of the Rays; for theſe Rays enter the Eye exactly 
in the ſame Manner as the Rays which came di- 
rely from that Focus would do; and the ſame 
Situation of the Cryſtalline Humour 1s required 
in order for them to unite in the Retina: So 
that in regard to a Spectator it matters not whe- 
ther thoſe refracted Rays, or theſe direct Rays, 
enter the Eye, and there will be the ſame Motion 
in the Eye when it fits itſelf for diſtinct Viſion 
(1002. 1005, 1006,). 
102. A Point appears the more enlighten'd, the greater 
the Number of Rays coming from it enter the Eye. 
1025. Ovjcfts that are ſeen through à plane Glaſs, ter- 
minated by two parallel Planes, appear to be nearer 
than won view'd with the naked Eye. 
ate Xx. Leet A be a viſible Point; the Rays going from 
it, and entering the Eye, are between Ab and 
Ab; theſe being refracted in the Glaſs VV, move 
along bc, bc, and go out through cd, cd, which 
are parallel to the Lines Ab, Ab, (g11.): But 
becauſe bc, bc are refratted towards the Perpen- 
dicular (907.), cd, cd, fall between 5A, and A; 
that is, they cut one another in à which 1s leſs 
diſtant than A; therefore the imaginary Focus of 
the Rays, which enter the Eye, is at a, in which 
the Point A appcars to be (1023.). 
1026. That Point allo apprars to be more enlighten'd, 
when {cc throuzn the Glaſs aforeſaid. For * the 
ays 
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Rays that are between Ab and Ab enter the Pu- 
pil between d and d; but ſince the Lines Ab and 
Ab are parallel to the Lines cd, cd, and theſe 
Lines are between thoſe, Ab and Ad being con- 
tinued, would fall beyond 4 and 4; and fo if the 
Glaſs was taken away, the Ravs which now enter 
the Pupil would take up a greater Space, and con- 
ſequently would not all enter the Eye. 

The apparent Magnitude of an Object is increaſed 1027. 
when ſeen through a plane Glaſs. The Object AE Plarr x, 
is ſeen by the naked Eye, under the Angle A dE; *#: © 
but upon the Interpoſition of the Glaſs VV, by 
reaſon of the Refraction through Abecd and 
E bcd, it appears under the Angles cdc, which is 
greater than the laſt. But yet the Object does not 
appear greater in Proportion to the increaſed apparent 1028. 
Magnitude (1020.); for it appears at a leſſer Di- 
ſtance {1025.). 

The Increaſe of the apparent Magmitude is ſo much 1029. 
the greater, as is the Difference of the Angles 
AdE and cde; whoſe Difference increaſes as the 
Interſections of the Lines Ad, with be and Ed, 
with bc come nearer to the Points 6 and ; which 
happens when the Object comes nearer to the Glaſs ; 1030. 
and therefore it is the greateſt of all when the 
Object touches the Gt2ts ; and this ſhews that Ob- 
32Cts, even in the Glats itſelf, appear magnified. 

And in general, when the Eye is placed in a rarer 1031. 
Medium, the Object that is ſeen in à denſer Medium 
appears bigger, and by the Refraction is brought 
nearer too. | 

Let the Point A be ſeen through a Convex Lenſe 1032. 
VV, the Rays Ab, Ab will go out at cd, cd lefs t X. 
diverging, as if they came from à (973.) ; there- Pg. 7. 
fore that Point vill appear at a greater Diſtance 
(1023.) ; it appears aljo more enlizhten'd : For the 
Rays as they go through the Glais come nearer to 
ene another (274), and are brought within a leſs 

| R 4 Compaſs; 
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Compaſs; wherefore a greater Number of them 

muſt enter into the Pupil of the Eye. 

1023. The apparent Magnitude of the Object is alſo 

Plate X. 3 z that is, the Object ſeen through 

Fe. 8, 9. a Convex Glaſs, appears under a greater Angle, 
as is evident by the Inſpection of the Figure: the 
Object AR, ſeen with the naked Eye, appears 
under the Angle Ad E; but now it appears un- 
der the Angle cdc, which is greater: For (in Fig. 8.) 
the converging Rays Ab, E, do converge more 
as they go out of the Lenſe (979.); or diverging 
(as in Fig. 9.), do come to the Eye converging 
(978). Therefore the Object appears magnified, 
both from the Appearance of it being farther (1031, 

103 4. 1020.),and its apparent Magnitude being increaſed ; 
therefore the Magnitude which we attribute to an Object 
is not in the ſame Proportion with the apparent Mag- 
nitude; and fo we ſhall not loſe time in explain- 
ing what relates to this. Yet in the Scholiums to 
our Elements we determine that Proportion. 

1035. AnObjett is not always viſible through a Convex 
Glafs, as we ſhall ſhew in Ne 1039. 

Alſo in thoſe Caſes in which Objects are viſible, 
they do not always appear diſtinctly. 

1036. For that a Point may appear diſtinct, it is required 
that the R1ys proceeding from that Point ſhould enter 
the Eye diverging (1022.), and that the imaginary. 
Focus of thoſe Rays, in regard to the Spectator, 
Gould fail within the Limits of diſtinct Viſion (1023. 
1999.). 

10:7. It the Object be removed beyond the Focus of 
Parallel Rays, the Rays coming from a Point of 
the Object, enter the Eye converging (978.) 3 
which Caſe is impoſſible when the Eye is naked: 
In this the Viſion is always confuſed, and the Eye 
diſpoſcs itſelf fo as to have the Viſion as little con- 
futed as may be; and from this Diſpoſition of the 
Eye we judge of the Diſtance, as we do in all 

Caſes 
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Caſes in which we form a Judgment of it from 
one Eye only. 


But this Diſtance does not always appear to be 1038. 


the ſame; from whence we deduce what has been 
ſaid (1006.) of the two-fold Change of the Eye. 
For if, ſuppoſing the Cryſtalline fixed, its Figure 
be changeable, in every Situation of the Object and 
of the Eye, in which the Rays flowing converg- 
ing from a Point enter the Eye, there will be the 
leaſt Confuſion, if the Cryſtalline becomes as flat 
as may be; ſo that in every Caſe there would be 
the ſame Diſpoſition of the Eye, and the ſame 
Judgment about the Diſtance ; which, as has been 
ſaid, is contrary to Experience: But if the Cryſtal- 
line becomes flatter as it recedes from the Retina, 
there will be Changes in the Eye; which agrees to 
the ſeveral Judgments made of the Diſtance in the 
various Situations of the Eye and Object. 


1f in the laſt Caſe in which Rays coming from the 1039. 


Point converge, the Eye be ſo removed, that the 
Rays unite before they come to the Eye, in all the 
Points in which the Rays meet, there are radiant 
Points; being the Foci of all the Points of the 
Object by which the Object is repreſented invert- 
ed upon a white Plane (992.); and which are 
viſible Points in reſpect of the Eye, to which the 
Rays can come after their Interſection (1022.). In 
that Caſe the Object will appear inverted, becauſe 
we do not fce the Object itſelf, but its Repreſenta- 
tion behind the Glaſs, which we have ſaid to be 
inverted (992.). 


We have ſaid that the Caſe is impoſſible to the 1040. | 


naked Eye, in which the Rays coming from a 
Point enter the Eye converging; and fo fuch a 
Vion is always confuſed ; becauſe the Make of 
the Eye being ſuch that it cannot adapt itſelf to 
an impoſſible Caſe : Vet ſometimes, but rarely, 
in this Caſe too, Objects appear diſtinct ; which 
as it proceeds from a Fault of the Eye, by vouy 
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all diſtin& Viſion is taken away from the naked 
Fye, I did not think it neceſſary to take Notice 
of theſe Exceptions of the general Rule. 

1041. The Fault of moſt old Mens Eyes is, that they 
fee remote Objects diſtinctly, and near ones a 
pear confuſed 3 which Fault is correfed by the In- 
zerpoſition of a Convex Lenſe, The Rays flowing 
from a Point which is near, meet beyond the 
Retina; paſſing through a Convex Glaſs, they 
will diverge leſs as they enter the Eye, and to 
meet within the Eye ſooner; that is, come to the 
Eye. as if they came from a Point more remote, 
ſuch as is ſeen diſtinctly by an old Man, 

1042. Objects appear to be nearer, leſs enlighten' d, and 

Plate X. leſs wen ſeen through a convave Glaſs. 

_ The Rays Ab, Ab, and all the intermediate 
ones, going through a concave Lenſe, become 
more divergent (4$6.), and enter the Eye as if 
they came from a leſs diſtant Point @ (924), in 
which the Point A appears (1023.). 

Upon the Increaſing the Divergency of the 
Rays, they are more diſperſed, and therefore they 
enter the Eye in a leſſer Number, which leſſens 
the Light of the Point (1024. ). 

The apparent Magnitude is alſo leſſen'd, be- 
cauſe the Rays Ab, Eb, by which we ſee the 
Ends of the Object, enter the Eye 1:is converg- 
ing (987.); and fo the Angle cdc, under which 
the Object is ſeen behind the Glaſs, is leſs than 
the Angie AdE, under which it appears by the 
nakcd Eye: Therefore the Object will appear 
leſs, becuuſe the Diſtance is leſſen'd, as alſo the 
Angle at reſaid (1020.). 

10.3. 1 con:ave Lenſe is proper for thaſe who can only 
ſer near Objetis diſtinctiy; ſuch are calPd Myopes, 
or are {aid ro be Pur- blind; remote Points appear 
through this Lenſe to be near (1042.); and the 
Rays which concurred” beiore they came to tha 
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Retina, now entering the Eye more diverging, do 
meet upon the Retina. 

There are Glaſſes that have one Surface Plane, 
and on the other Side there are ſeveral Plane Sur- 
faces that make Angles with one another; thro? 
theſe the Rays proceeding from the ſame Point 
ſuffer different Refractions; and by every Surface 
are made to enter the Eye in a different Direction, 
as if they came from a different Point : that is, the 
ſame Point forms ſeveral imaginary Foci; and 
therefore appears multiplied ; for it is ſeen in ſe- 
veral imaginary Foci (1023.); which as it hap- 
pens in reſpect of every Point of the Object, 
— ſuch a Lenſe, the Object appears multiplied 1044+ 
(Exp.). 


CGH AP. XIV. 


Of Microſcopes and Teleſtopes. 


E have already ſhewn the Uſe of ſpheri- 
cal Glaſſes, in correct ing the Faults of 
the Eyes of old Men, and fuch as are ſhort 
Sighted (1041. 1043.). We ſhall now conſider 
how they ſerve in the Diſcovery of the leaſt Ob- 
ects, and bringing the moſt diſtant, as it were, to 
the Eye. 

We have already ſaid that Convex Glaſſes mag- 1045. 
nify the Objects (1033.) 3 which Magnification de- 
pends upon the Refraction of the Rays, as they go 
through the Convex Lenſe; whence it follows, 
that it is augmented, if, under the ſame Circum- 
ſtances, the Refraction be increaſed; and this 
Effect will be obtain'd, by increaſing the Con- 
vexity of the Lenſe; which will be the more 
convex as the Surfaces bounding it are Portions 
of a leſſer Sphere; which can only be had in {mall 
Glaſſes, 
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DeFinirTtion I. 


1046. Such ſmall Lenſes are call'd Microſcopes. 
1047. Small Objects are vaſtly magnified by a Microſcope ; 
means of which, things that are inviſible to the 
naked Eye, may be ſeen very diſtinctly. 
DeriINITION II. 
The Space ſeen through the Microſcope, that is, 
the Circle in which Objects are viſible through the Mi- 
croſcope, is call'd the Field of the Microſcope. 
Plate XI, If the ſmall Object AE be view'd through the 
Fg. 2- Microſcope V, it will appear magnified at ae 
(1031. 1033.) (Exp.). 

1049. There are alſo compound Microſcopes made up 
of two or three Lenſes; what Foundation they 
depend upon will be ſufficiently evident from the 
Explanation of one conſiſting of two Lenſes, 

1050. Let there be a ſmall Lenſe V V very convex, 

Plate XI. and let the Object AE be placed at ſuch a Di- 
Fg. 3. ſtance from it, that every Point thereof may 
have its Focus behind the Lenſe (978.) ; let the 
Object be brought ſo near, that the Foci be re- 
moved to ae (978.), and there you will have the 
Repreſentation of the Object very much enlarged, 
which will be ſenſible it it be received upon 2 
white Plane (992.) (Exp.). | 
All the Points of the Repreſentation ae, are 
radiant Points, and fo viſible (1022. 1039.) 
which bong viewed through a large Microſcope 
VV, will ſhew the Repreſentation à e augmented 
at ae (1047) ; that is, the Rays coming from the 
Object AE, after their Refractions through both 
the Lenſes VV, VV, will enter the Eye as they 
came from the Object at ae. 

1031. Therefore the Object appears inverted through ſuch 
a compound Microſcope, and much more magnified, 

than it does through a ſingle Microſcope. 
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DEriINITION III, IV. 


In this Microſcope, the ſmaller Lenſe, which is next 1052. 
to the Object, is calPd the Objeft-Glaſs, and the 
other the Eye-Glaſs.. 

This laſt muſt not be too ſmall: For the 1053, 
Points of the Repreſentation ae, although they 
be radiant Points, do not emit Light every way; 
the Rays which paſs through the Object-Glaſs do 
only interſect one another in the ſeveral Points of 
the Repreſentation ae; which Repreſentation 
therefore will not be viſible, unleſs the Rays which 
go through the Object-Glaſs do alſo go through 
the Eye-Glaſs 3 therefore the Field depends upon the 1984. 
Magnitude of this Lenſe. 

The Eye allo muſt be ſo placed, that all the Rays 1055. 
which come to the Eye-Glaſs, going through it, 
ſhall come to the Eye; and this is done, by 
placing the Eye at d, the Point in which all the 
Rays that come from the Centre of the Objeft-Glaſs, 
and paſſing through the Eye, are collected. 

Objects appear bright enough through Micro- 
ſcopes, becauſe they are very near the Glaſs; and 
ſo the ſame Number of Rays paſs through a ſmall 
Lenſe, as\ would not paſs at a greater Diſtance, 
unleſs through a greater Hole. Yet often where 1056. 
the Objects are the moſt magnified, they muſt be en- 
lighten'd by Rays collefted through a Convex Lenſe, 
and thrown upon them. | 

The Aſtronomical Teleſcope has a great reſem- 
blance to the Compound Microſcope. 


DErINITION V. 


Inſtruments adapted to ſee diſtant Objects, are 10 57. 
ealPd Teleſcopes. 
That which we now ſpeak of, is call'd an {4ſro- 1058. 
nomical Teleſcope, becauſe it is not fit for ſeeing Ob- 
jets upon the Earth; becauſe it repreſents them 
| inverted, 


| 
| 
| 
| 
| 
| 
| 
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inverted; but Aſtronomers do not much 
the Situation of the Appearance of the Object. 

This Teleſcope conſiſts of two Convex Lenſes, the 
one an Object-Glaſs, which is placed next to the 
Objects, and the other an Eye-Glaſs, placed next 
to the Eye. By help of the Firſt, diſtant Objects 
are repreſented at a certain Diſtance behind the 
Lenſe (992.), as near Objects are in the compound 
Microſcope. If this Repreſentation be obſerv'd 
through an Eye-Glaſs, it will appear enlarged and 
inverted, as has been ſaid about the Microſcope, 
It is plain alſo in this Caſe, as well as in the Micro- 
ſcope, that he Field depends upon the Bigneſs of the 
Eye-Glafs ; as likewiſe that the Place of the Eye is tobe 
determin*d in the ſame manner for the Teleſcope as for 
the Microſcope (1060.): For the Aſtronomical Te- 
leſcope only differs from the Compound Micro- 
ſcope in this, that in the Compound Microſco 
the Lenſes are more convex, and ſo leſs fit 
viewing diſtant Objects, eſpecially the Object- 
Glaſſes. In the Microſcope the Convexity of the 
Object- Glaſs is greater than that of the Eye- Glaſs; 
but in the Teleſcope it is leſs. 

Teleſcopes may be as long as poſſible for ob- 
ſerving the Stars; but when they are above twenty 
Feer long, they are of no uſe for ſeeing Objects 
upon the Earth, becauſe of the conſtant Trem- 
bling of the Air, which is two ſenſible in Glaſſes 
that magnify much. 


A hort Aſtronomical Teleſcope will ſerve to ſee Ob- 


jets upon the Earth, by adding to it two Convex 


Leaſes, which are allo calPd Eye-Glaſſes; and the 
three Eye-Glaſſes are alike, and leis convex than 
in the Aſtronomical Teleſcope, the Object-Glaſs 
remaining the ſame. 


Let VV be an Object-Glaſs, repreſenting a 


+ diſtant Object at ea: Alto let DD, DD, DD, 


be three Eyc-Glaſtes; the firſt is ſo placed, that 
the Rays coming from the Points of the Repre- 
ſentation 
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ſentation ea, may become parallel when they have 
paſſed through the Lenſe (978.): In that Caſe the 
Rays which come from the middle Point of the 
Object-Glaſs, are collected at G (978.); the ſe- 
cond is ſo placed, that theſe Rays which are col- 
lected at G, where they interſect one another, 
and as it were come from that Point, may go out 
parallel (978.) ; which being ſuppoſed, the Rays 
coming from the Object-Glaſs to e, and there in- 
terſecting, and forming that Point of the Repre- 
ſentation, being retracted through the firſt Glaſs, 
paſs through G parallel to one another; they are 
refracted through the ſecond Lenſe according to 
the Direction De, and are collected ate (977.) fo 
as to make it a Point of a new Repreſentation. 
In the ſame manner the Point @ of the firſt Re- 
preſentation will anſwer to the Point a of the 
iecond 3 and ſince this is true concerning the in- 
termediate Points, the Repreſentation of the Ob- 
ject will be erect at ae ( Exp.). 

If the Repreſentation a e be ſeen through a third 
Eye-Glaſs, ſuppoſing the Eye at o, in which the 


parallel Rays ad, e D are collected, the Object ap- 1064. 


pears magnified, nearer, and erect; for it is ſeen un- 
der the Angle Do D, when with the naked Eye 
it appears under a {mall Angle, it will alſo appear 
near, becauſe, though it be ſeen beyond the Di- 
ſtance a e, yet the Diſtance at which it appears 
has no ſcnſible Relation to the Diſtance of a very 
remote Object (Exp.). 

Alſo all the Points of the Object do appear more 
enlighten'd For the Rays which coming from any 
Point of the Object to the ſeveral Points of the 
Object-Glaſs, inrerſcEt one another in the Point 
of the Repreſentation; becauſe of the ſmall Di- 
ſtance of the Eye-Glaſs from this Repreſentation, 
art but a little diſperſed before they come to the 
Eye; ſo that they all go into it. Therefore the 
Illumination with the I clefcope is to chat with 


the 
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1066. 


1067. 
Plate Xi. 
Fig. 5. 


1068. 


1069. 
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the naked Eye, as the Surface of the Object- 
Glaſs through which the Rays paſs, 1s to the Sur- 
face of the Pupil of the Eye (1024.). 

Teleſcopes may be made alſo with two Lenſes, which 
ſhew Objects enlighten'd, and magnified. T heſe are 
ſhorter, For if they be more than one Foot long, 
they are almoſt uſeleſs, becauſe of the ſmallneſs of 
their Field. 

Let V V be an Objet-Glaſs; the inverted Re- 
preſentation of the Object is at ea (992.): The 
Rays are ſo intercepted by the concave Lenſe DD, 
that ſuch of them which come from the Centre of 
the Lenſe VV, are inflected, as though they 
came from the Point f (986.); by the ſame Re- 
traction the Rays meeting in @ become diverging 
(987.), having their imaginary Focus at a; and 
this happens to all the Points of the Repreſenta- 
tion e a, and inſtead thereof we have an imaginary 
Repreſentation, erect at ae; that is, the Rays 
enter the Eye, as if they came from the Object 
at ae. 

The Rays in all Reſpects go out from the Eye- 
Glaſs diverging; and ſo the Eye muſt be brought to 
the Eye-Glaſs as near as poſſible, 

The Field in this Teleſcope depends upon the Mag- 
nitude of the Objeft-Glaſs : For, the Rays which 
come from the Point obliquely to the Centre 
of this Lenſe, very often do not enter the Eye; 
while other Rays — the ſame Point, which paſs 
through the Lenſe near its Circumference, do come 


to the Eye. 
W E have ſhewn that the Light is reflected 
from opaque Bodies, and that every Point 
reflects it every way (99 1.). The Cauſe of this 
is the Inequality of the Surfaces, which are made 
up of innumerable ſmall Planes, which, in all ſen- 
ſible Points, are directed every way; which we 
ſee 
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ſee may be done, if we conceive thoſe ſmall Sur- 
faces to form every where as it were a little Hemi- 
{phere. That this is really ſo, we gather from the 
Reflexion of Light from a poliſhed Surface, that 
is, one whoſe Equalities are taken a way; which 1077. 
in every Part only refletts the Light one way, and 
is true as well in curve as plane Surfaces. Alfo 
Surfaces that are not at all poliſhed refle& Light 
in great plenty towards that Part to which if they 
were poliſhed, it would reflect it all, as is put 
paſt doubt by daily Experience. 

Let AC be a Ray of Light, ſtriking obliquely Plate XI. 
upon a plane Surface; let CO be perpendicular to Fg. 6. 
that Surface; and the Ray be reflected through 
CB, 
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The Ray CB is call'd a reflected Ray. 1072. 

The Angle OCB is the Angle of Reflexion 
(359.). 

The reſtected Ray is in the ſame Plane with the inci- 1073. 
dent Ray, which Ray is perpendicular to the refle- 
cting Plane. 

For the Action of this Plane, by which it reflefts 1074. 
the Light, tends perpendicularly to the ſame, which 
is ſuppoſed to be ſimilar in all its Points. 

The Angle of Reflexion is equal to the Angle of In- 197 5: 
cidence; as is evident by Experience (Exp.). 

If a reflected Ray becomes an inci lent Ray. tb. 1070, 
is, if the Light comes in the right Line BC, © will 
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go back in the right Line CA, that is, x 
zacident Ray will become a reflects Roy. 55 non 
| from the Equality of the Angle ECU C, OC, 
From that Equality of the Angles of Incidence £075, 
and Reflexion, we {arther infer. tat tf E 27h 
returns with the ſame Force after res, at 7 
came. Let the Motion throumh A © be rctiiind 
into two Motions through A© ont OC (20) 
2 
ſuppoſing AO parallel to the reflects Flr 
and OC perpendic ar to it; conmmic out A 
> the 
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the naked Eye, as the Surface of the Object- 
Glaſs through which the Rays paſs, 1s to the Sur- 
face of the Pupil of the Eye (1024.). 

Teleſcopes may be made alſo with two Lenſes, which 
ſhew Objects enlighten'd, and magnified. T heſe are 
ſhorter. For if they be more than one Foot long, 
they are almoſt uſeleſs, becauſe of the ſmallneſs of 
their Field. 

Let V V be an Obſect-Glaſs; the inverted Re- 
preſentation of the Object is at ea (992.): The 
Rays are ſo intercepted by the concave Lenſe DD, 
that ſuch of them which come from the Centre of 
the Lenſe VV, are inflected, as though they 
came from the Point f (986.); by the fame Re- 
traction the Rays meeting in @ become diverging 
(987.), having their imaginary Focus at a; and 
this happens to all the Points of the Repreſenta- 
tion e a, and inſtead thereof we have an imaginary 
Repreſentation, erect at ae; that is, the Rays 
enter the Eye, as if they came from the Object 
at ae. 

The Rays in all Reſpects go out from the Eye- 
Glaſs diverging; and ſo the Eye muſt be brought to 
the Eye-Glaſs as near as poſſible, 

The Field in this Teleſcope depends upon the Mag- 
nitude of the Objett-Glaſs: For, the Rays which 
come from the Point obliquely to the Centre 
of this Lenſe, very often do not enter the Eye; 
while other Rays ' na the ſame Point, which paſs 
through the Lenſe near its Circumference, do come 
to the Eye. 


CHAP. XV. 

Of the Reflexion of Light. 
W E have ſhewn that the Light is reflected 
from opaque Bodies, and that every Point 
reflects it every way (991.). The Cauſe of this 
is the Inequality. of the Surfaces, which are made 
up of innumerable ſmall Planes, which, in all ſen- 
lible Points, are directed every way; which we 
ſee 
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- ſee may be done, if we conceive thoſe ſmall Sur- 

- faces to form every where as it were a little Hemi- 
ſphere. That this is really ſo, we gather from the 

h Reflexion of Light from a poliſhed Surface, that 

e is, one whoſe Equalities are taken a way; which 1071. 


, in every Part only reflects the Light one way, and 

f is true as well in curve as plane Surfaces. Alfo 
Surfaces that are not at all poliſned refle& Light 

- in great plenty towards that Part to which if they 

e were poliſhed, it would reflect it all, as is put 
paſt doubt by daily Experience. 


f Let AC be a Ray of Light, ſtriking obliquely Plze XI. 
7 upon a plane Surface; let CO be perpendicular to Fs: 6. 
; that Surface; and the Ray be reflected through 
; CB, 
| DzFr1iNn1TION 
N The Ray CB is call'd a reflected Ray. 1072. 
5 The Angle OCB is the Angle of Reflexion 
. 38900 
4 The reflected Ray is in the ſame Plane with the inci- 1073. 
| dent Ray, which Ray is perpendicular to the refle- 
Sig Plane. 
ö For the Action of this Plane, by which it reflefts 1074. 
the Light, tends perpendicularly to the ſame, which 
is ſuppoſed to be ſimilar in all its Points. 
| | The Angle of Reflexion is equal to the Angle of In- 1075. 
FF cidence; as is evident by Experience (Exp.). 
; If a reflected Ray becomes an inciiont Ray, that 1079, 
; FF is, if the Light comes in the right Line BC, © will 
go back in the right Line CA, that is, 2% 7:7 
incident Ray will become a reflect Roy. n nm 
from the Equality of the Anα⁴e s ECC. O. 
From that Equality of the Angles of Iden 107%, 
and Reflexion, we farther infer. that d Line 
1 returns with the ſame Force after the erele, a5 if 
: i came. Let the Motion through A © be. rofolyed 
; into two Motions through AO ond OC (0,1; 


ſuppoſing AO parallel to the reflecting Plane, 
| and OC perpendicizr to it; copmruc our AOs 
8 the 
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the Motion in this Direction will not be changed 
by the Action of the Plane: Let therefore AQ 
and OB be equal; if the Light returns from the 
Plane with the fame Force it came to it, the Mo- 
tion from the Repulſion will be repreſented by CO, 
and in that Caſe the reflected Ray paſſes through 
B (174.); that is, the Angle OCB is equal to 
the Angle O CA, (4. 1. E!m.), which agrees with 
Experience. 

With regard to the Reflexion of Light, it is to be 

1078. obſerv'd, that the Light does not firike againſt the 
ſolid Parts of Bodies, when it is reflected by them, 
but it is reflected in thoſe Places in 2 it might 

eely pa/s. I ſhall prove this by ſeveral Experi- 
—_ by which ſeveral other 3 Projer 
ties of Light are found our. 

1079. It is a common Experiment, known to ev 
Body, that when Light is moved through any 
Medium, as Glaſs, Water, or Air, it does not 
ſuffer a ſenſible and regular Reflexion; but it is 
reflected there, where two Mediums of different 
Denſities are ſeparated ;, thus it is reflected in the 
Surtace of Water or Glaſs. 

1080. Can Light in ſuch Quantity ſtrike againſt the 
Particles of theſe Mediums, juſt where the Me- 
diums are ſeparated, when it does not ſtrike a- 
gainſt any ſuch Particles as it moves through large 
Spaces in both the Mediums? Are there more of 
theſe Particles near the Surface than elſewhere ? 

1081. Alſo Light is reflefied in a greater Quantity in a 
denſer Medium, when it comes againft the Surface of 
a rarer, thin when, on the contrary, moving in 4 
rarer Medium, it ſtrives againſt the Surface of a den- 
ſer. If in a dark Place, in which the Light 
comes through a Hole, there be placed a trian- 
gular Glaſs-Priſm, in which che Light enters; 
if in the Priſm, coming to the Side, it makes the 
Angle of Incidence greater than 40 Degrees, . 
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will be all reflected, and none of it will enter into 
| the Air; but Light moving in the Air is never all 
* reflected by Glaſs (Exp.). 
| But if the Reflexion be cauſed by the ſtriking 1082. 
| of Light againſt the ſolid Parts of Bodies, there 
| are more ſuch Parts in Air than in Glaſs; for if 
) Light was reflected from the Glaſs itſelf into the 
| Air, the Light would never come to the Separa- 
tion of the Mediums: That the Light can alſo 
go out of Glaſs, in the Place where it is reflected, 
; is proved by the following Experiments. There- 
; 


fore near the Glaſs there muſt be ſo many Parts in 
the Air, that there may be no way for the Paſſage 
of the Light to cauſe it to be wholly reflected in- 
to the Glaſs; but it is evident there are no ſuch 
Parts, becauſe Light comes through the Air in all 
Directions to the Glaſs, and enters into it. Alſo 
in the ſame Place of the Surface, ſeparating the 
Glaſs and the Air, the Light coming from one 
Side is reflected, while that which comes from the 
other Side is tranſmitted. Which ſufficiently 
proves that the Light is reflected in the very Place 
where it can go through. 
If in the Experiment aforeſaid, the Obliquity 1083. 
of the Light be leſſen'd, part of it will pafs into 
the Air (Exp.). Who would conceive that the 
Light, which paſſes out of Glaſs into Air, and 
dots not run againſt the ſolid Parts, ſhould all of 
it, by a little increaſing the Obliquity of the 
Glaſs, run againſt thoſe Parts; when in each Me- 
| dium, as has been before obferv'd, there are 
Paſſages in all Directions. | 
| When the Light is wholly reflected in the Glaſs, 1034, 
if inftead of Air the Glaſs touches Water ; then 
the Light, which ſtriking againſt the Air, was 
\ | wholly reflected, now running againſt the Water, 
| will partly enter into it, and 1s partly reflected 
(Exp.). Which Experiment does not at all agree 
S 2 with 
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with a Reflexion made by a Stroke upon the ſolid 
Parts. 

In the third Parr of this Book we ſhall alſo 
ſhew, that thi Plates which reflect Light, do 
tranfinit it when they become thicker. 

1055. The Experiment laſt mention'd proves, that 
the refletiag Power is ſo much the greater, as the 
Mediums which are ſeparated by the reflect ing Surface, 
differ more in Deility; for Glaſs and the Air do 
differ in Dor ſity more than Glaſs and Water. 

1086. We allo ſce in this Experiment, that % Re- 
Hexion is made by the [ume Porver by which the Rays 
are rejfrafted, which in different Circumſiances pro» 
duc's deset Effects, A Ray which goes out of 
a dener Miedum into a rarer, recedes from the 
berge ndicular by the Attraction of that Medium 
(908.)z if the Obliquity of the incident Rays be 
creaſed, the Obliquity of the refracted Ray will 
be increaſed too, till it comes at laſt to move in 
the very Surface which ſeparates the Mediums: 
Which happens when the Sine of the Angle of In- 
cidlence, 75 to the Radius, as the Sine of the An- 
gle of Iheidence in the: denſer Medium, is to the 

Sine of the Angie of Reiraftion in the rarer Me- 

dium: For in this Cafe the Angle of Refraction 

is a right Argle. If the Obliquity of the inci- 
dent K. ay be more encreafed, it is manileſt that 
tlie Ray cannot enter into the rarer Medium; this 
is the Cafe in which the Light is all rellected; 
which Rclexion dchεnσ uno: that Attraction by 
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| which the Rays are retracted, For as a Ray moves 

| through the attracting Space, it is bent towards 
| the denſer Medium (go2 ) ; if it be in the denſer 
Medium, and ſo bent, that before it has gone 
| Fhrough che whole Space of Attraction, the Lan- 
| gent to tac Curve be parallel to the Surface ſepa- 

ng the Mediums, the Curve being continued, 

returns again; and fo the Ray is reflected by the 

| Attraction 
| 
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Attraction of the denſer Medium, and this Conti- 
nuation of the Curve is ſimilar, and equal to th 
firſt Part, and makes the Angle of Reflexion e- 
qual to the Angle of Incidence; becauſe the Light 
returns through the ſame Part of the Space of Art vr - 
ction, and the ſame attracting Forces act von the 
Light in the correſpondent Points of the t e rts 
of the Curve. Thus a projected Body deicrioes 
ſim:lar Curves in its Aſcent and Dæſcont. 

Now fince the Reflexion of Light is in this 1097, 
Caſe evidently to be aſcribed to the Cauſe of At- 
traction itſelf, who would have ſuſpected, that 
upon the leflening the Inchnation, ſo that the 
Ray partly paſſes, ſome other Cauſe is to be found 
out, although this cannot act after the ſame man- 
mer. Therctore it is evident, that al! Reflexion 1088 


does not depeud upon that Attratlion in the ſame 
mazer 3 tor the Light does not all penetrate out 
„che rarer into the denſer Medium; for in this 
Dae, in which the Attraction is the mo oppoſed 

e Reflexion that can be, there are ſome Rays 


it cannot be doubted, that in every Caſe 1089. 
F Hrion bas ſame relation to the refractiug Power. 
[here Linht paſſes without Refraction, there it is 1090 
ot :fleted (399. 1079.). But where the Refractian 
is greateſt, there the Reflexion is ſtrongeſt too (913. 
103.0; which is true, not only when Light 
moved in a denfer Medium ftrikes againſt a rarer, 
as in Ne 1084 3 but the fame thing is obſerv'd 
when Light ſtrikes aginſt the denſer Medium: 
Thus ſuppoſing Light to move in Air, the Sur- 
face of Glaſs reflects it more ſtrongly than chat of 
Water; and the Surface of a Diamond more tt: ongly 
itil]. If Glaſs anda Diamond be immerſed in Water, 
where thoſe Bodies are ſeparated from the Water, 
the refracting Power is leſs than where thoſ: Bodies 
touch the Air (913.) 3 theſe Bodies alſo reflect Light 
cls ſtrongly in Water than in Air. From this Reta- 

83 tion 
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tion of the reflecting and refracting Powers, we 
gather, that Light is driven back at a certain Di- 
flance from Bodies, in the ſame manner that the 
refracting Power acts at a certain Diſtance from 
the Body : This Propoſition is confirmed from 
what has been demonſtrated concerning Reflexion, 
which does not depend upon any Stroke againſt 
the ſolid Parts of Bodies; and this fully appears, 
if we conſider, that poliſbed Bodies reflect the Light 
regularly, as is obſerv'd in Looking-Glaſſes, alths? 
their be innumerable Scratches in their Surfaces : For 
they are poliſhed by the rubbing of Powders, and 
though their Parts be very ſmall, yet they leave 
great Scratches on the Surface with reſpect to the 
Particles of Light; where the Reflexion in the 
Surface itſelf muſt neceſſarily be irregular ; but if 
we conceive the Reflexion to be made at ſome 
ſmall Diſtance, the Irregularities are diminiſhed, 
and almoſt quite removed, as is manifeſt to any 
one who really conſiders the matter. 


CHAP. XVI. | 
Of Plane Mirrors, or Looking-Glaſes. 


1 ET be be the Surface of a Looking-Glaſs; 
A the radiant Point; Jet the Plane of the 
Gla/s be continued, and from the radiant Point A let 
a Perpendicular A C fall upon it; if this be conti- 
nued gut, and Ca be made equal to CA, a will be 
the imaginary Focus of the refletted Rays that come 
from A. Let Ab be an incident Ray; bf a re- 
flected Ray, continued out beyond the Glaſs ; be- 
cauſe the Angles of Incidence and Reflexion are 
equal to one another (1075.), theAngles A C, Fa, 
which are their Complements, are equal alſo; to 
this the oppoſite vertical Angle 45 C is equal 
(15. 1. Elm.). The Right-angled Triangles A“ C, 
46 C have the Side C& common, and the Angles 

C ba, 
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Cha, Ch A equal; therefore they agree in all re- 
ſpects, and C A and C gareequal (26. 1. Elm.) : This 
Demonſtration holds good with reſpect to all other 
Rays coming from A, in whatever Plane, per- 
pendicular to the Plane of the Glaſs, they be con- 
ceived to be. Therefore wherever the Eye is, 
if the reflected Rays come to it, they will enter the 
Eye as if they came from @; and in that Point will 
be the Appearance of the Point A, (1023.); but 1094. 
the Appearance of that Point will have the ſame 
Poſition in reſpett of the Mirror behind it, as the 
radiant Point has before it. 

If this be apply'd to all the Points of the Ob- 1095. 
ject, it will be manifeſt that h Ov;ef appears be- 
hind the Glaſs in the ſame Poſition that it has before 
the Glaſs. 


CHAP XVII 
Of Spherical Mirrors, 


Very ſpherical Surface may be conſidered as made 1 096, 
E up of innumerable ſmall Planes ; and a Plane 
touching the Sphere in any Point, is, as it were, 

a Continuation of ſuch a ſmall Plane. 

Spherical Mirrors are either concave, or convex. 1097. 

The former are made of a concave poliſhed 
Portion of a Sphere. 

And the latter of Parts of Spheres poliſhed on 
the outſide. 

A Ray ſtriking upon any ſpherical Mirror, together 1098. 
with its reflcHted Kay, is in the ſame Plane; which 
Plane being continaed, paſſes through the Centre of the 
Sphere (1073.), for fuch a Plane is perpendicular 
to the Surface of the Sphere. 

A Line which is drawn through the Centre of the 1099. 
Sphere and Point of Incidence, being continued, makes 
equal Angles with the incident and reflected Rays 
(1075.); for this Line is perpendicular to the 
Surface, and theſe are the Angles of Incidence and 

S 4 Reflexion : 
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1101. 


An EXPLANATION 


Reflexion : Therefore the Ray which paſſes through 
the Centre, or which being continued would paſs 
through the Centre, when reflected, returns upon it- 


Let be be a Portion of a convex Mirror, the 
Centre of whoſe Convexity is C; A a radiant 
Point; let Ab, Ad, Ae be incident Rays; the 
reflected Rays will be , dg, eh. If from the 
radiant Point A, a Tangent be drawn to the Mirror, 


the reflected Ray will be the Continuation of the 


1102. 


1105. 


incident Ray, or rather the Reflexion of the Rays 
i terminated in the Point of Contact. 

if the Rays bf, de, ch, ich are refleted from 
tne convex Mirror, be continued out, with all the 
intermediate ones, their Iuterſectiuns will form the 
Cerve 42, Which all thoſe Rays touch, and the 
adjacent Rays interſect one another in the Circum- 
ference of the Curve itſelf; fo that they always 
enter the Eye as ut they came from ſome Point of 
the Periphery ; ia which therufore the Poiat A docs 
always appear (1023.), as long as the reflected 
Rays car come to the Eye, and the Eye be moved 
in the Plare going through the Centre of the 
Sphere. But when the Eye is removed out of 
that Plane, the radiant Point appears in ſome 
other Curve, becauſe there are ſuch Curves in every 
Flane, which may be conceiv'd to paſs through 
A ard C. | 

Since all theſe Curves, and each of them en- 

ure behind the Giafſs, all the Objects alſo ap- 

- hehiad the Surface of the Glaſs. 

Ne Objects allo appear erect. For if the Point 
ee moved about, the Curve as is carried with 
the lame Motion 3 which proves, with regard to 
th- er-% cr inverted Situation of the Object, that 
the Peints of the Repreſentation have the fame 
Relation as the Points of the Object itſelf. 

Ax the Point A recedes from the Glaſs, the 
whole Curve recedes too with a contrary Motion 1 

an 
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and when A is ſuppoſed at an infinite Diſtance, 

that Point of the Curve which is the moſt remote 

from the Surface, will be diſtant from it a fourth 
Part of the Diameter, as we have demonſtrated 
in the Scholiums to our Elements. Whence it 
I follows, that the ObjefAs appear diminiſhed; for all 1106, 

the Repreſentations are contain*d within a narrow 

Compals. 

If the Eye be moved, the appearance of the Object 1107. 
| is moved too, and its Figure is alſo changed: For all 
the Points are moved in their own Curves, and 
that unequally, according to the different Situa- 
tion of the Eye, in reſpe& of each Curve, and 
therefore the Figure muſt neceſſarily be changed 
Exp.). 
Let the concave Mirror h d, be a Portion of a 1108. 
Sphere, whole Centre is C; upon the Surface of Plate XII. 
which let parallel Rays fall, among which let CH. 1. 
be that which paſſes through the Centre; this 
Ray by Reflexion returns upon itſelf (1 100. ), and 
the Rays next to it, being reflected, become converging, 
and concur with it in the Focus F, which is the middie 
Point between d and C. Let Ab be a Ray at a 
ſmall Diſtance from C4, and draw the Semi-dia- 
meter C&; the Angle of Incidence will be As C, 
to which the Angle of Reflexion CC F is equal 
(1099.), as alſo the alternate Angle 5 CF (29. 1. 
Elm.); therefore the Triangle F C is Iſoſceles, 
and the Sides FC and F6 are equal (6. 1. Elm.): 
Becauſe 4d is very ſmall, Fd and Fb do not ſen- 
| fibly differ: Therefore FC and Fd are equal: 
Which Demonſtration will ſerve for all Rays at a 
{mall Diſtance from C d. 

If parallel Rays are farther diſtant from Cd, 1109, 
they will not meet in F: Yet they all come to- 
gether within a ſmall Circle, if the Diameter of 
the Mirror does not exceed the ſixth or fifth Part 
of the Diameter of the Sphere of which it 1s a 
Portion, 
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1100. 


1111. 


1112. 


An EXPLANATION. 


Burning- Mirrors, which collect the Sun's parallel 
Rays into a Focus, are made upon this Founda- 
tion. Let there be a concave Mirror, made of 
Metal, or Glaſs quick- ſilvered on the back Part. 
This being expoſed to the Sun-Beams, in ſuch man- 
ner, that the Ray which comes to the middle 
Point of the Mirror be perpendicular to the 
Surface of it; fince all the others are parallel ta 
it, they are collected in a Focus, at a fourth Part 
of the Diameter of the Sphere's Diſtance from the 
Mirror, and do there burn violently (Exp.). 

If we conſider the Rays that are at ſome Di- 
ſtance from Cd, and parallel to it, thoſe among 
them which are neareſt, being reflected, interſect 
one another before they come to Cd; and in this 
Caſe, that is, where parallel incident Rays fall ob- 
liguely upon the Mirror, being ſomewhat di/per/ed by 
the Reflexion, they are collefted into one Point. 

If the Focus, in which parallel Rays are collected 
by a concave Mirror, becomes the radiant Point, the 
Rays which are but a little diſperſed, are refletted 
parallel to one another (1110. 1070.). 


1113. From theſe Properties of a concave Mirror we 


deduce the Method of repreſenting Objects in a 
dark Place, alike to that which was before ſhewn 
by means of a Convex Lenſe (992.). 


PlateXII, Let F be a Hole through the Wall; and ab a 


Fig. 2. 


cave Mirror, ſo placed as to collect the parallel 

ays which are perpendicular to the Wall at F: 
the Rays coming from F in that Direction are re- 
flected (1112), and ſuch are the Rays, which, be- 
ing reflected from the Objects, interſect one ano- 
ther at F. 

Let AF be Rays flowing from a Point of a 
diſtant Object ; theſe Rays by the Mirror are re- 
flected perpendicularly to the Wall; and becauſe 
the Rays coming from a diſtant Point, and going 
through a ſmall Hole, may be eſteem'd as png 

| alder 
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after Reflexion they are collected in the Point a, 
at the Diſtance of the Wall (1111.), that is, in 
the Surface of it; where therefore the Point is re- 

reſented. In like manner the Rays which come 

ma Point through BF, are collected at 5; 
which, as it is true with regard to all the Points 
of the Object, will give the Repreſentation of it 
upon the Wall: And if the Wall be white, and 
the Object enlighten'd by the Sun's Rays, the 
Picture will appear in lively Colours (Exp.). 

Let be be a concave Mirror; C the Centre of its 1114. 
Concavity ; A a radiant Point farther diflant than Plate XII. 
C the Centre of the Glaſi; Ab, Ad, Ae incident I · 3 
Rays, whoſe reflocted ones bf, dg, eh, with the in- 
termediate ones, by their mutual Inter ſectians, form 
the Curve aa, which they all touch ; therefore the 
Point A alſo appears in that Curve (1022.), and 
when the Eve is moved in the Plane of that 
Curve, the Appearance is carried through that 
Curve. But in all the Planes which can be con- 
ceiv*d to paſs through C A, there is ſuch a Curve, 
and they all meet in the Line CA, viz. in the 
Point a4. Therefore in that Point a, the reſtected 1115. 
Rays are collected in the greateſs Quantity, which 
accordingly is call'd the Focus of the Rays com- 
ing from A; as on the Contrary, A is the Focus 
of the Rays coming from the radiant Point 4 
(1076.). 

In this Figure there is only a Part of the Curve 
drawn, which is produced by one Part of the 
Line AC; ſuch another Part muſt be conceiv'd 
on the other Side, and both of them join in the 
Focus of the radiant Point. 

As the radiant Point recedes, the Curve comes 1116. 
nearer to the Mirror. 

As the radiant Point approaches the Mirror, 
the Curve recedes from the Mirror, and moves 
towards the radiant Point, until they meet in the 
Centre C 3 in which if the radiant Point be placed, 1117. 

all 
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all the reſtected Rays will coincide with the incident 
Rays (1100.), and the whole Curve will, as it 
were, be loſt in that Centre. 

1118. If the radiant Point be (till brought nearer, ſo 
as to be between the Centre and the Mirror, the Curve 
will alſo recede farther, and be then beyond the 
Centre, in which all the Curves concur which are 
conceiv'd in the ſeveral Planes, that is, the Focus 
of the radiant Point; which Point will be at an 
infinite Diſtance, when the radiant Point is diftant 
from the Mirror a fourth Part of the Diameter of 

1119. the Sphere (1108. 1112.); and then the Curve is in- 
finitely extended, and the two Parts, which concur 
in the Focus of the radiant Point, are /eparated ; 

1120. this ſeparate Part is ſeen at aa; if the radiant 

Plate XII. Point be brought ſtill nearer, the Parts of the Curve 

FE . go more decline from one another, becauſe the Rays, 
as Ab, and thoſe near it, being reflected, do nor 
touch the Curve, but are diverging; that is, chie 
Rays which are reflected beyond the Mirror being 
continued, will mutually interſect one another, 
and form a new Curve bebind the Mirror, conſiſt ing 
of two Legs, one of which is teen at aa; they 
meet in the Line CA continued, vg. at the Point 
a, and receding from the Glats, they are extended 
ad Infinitum. 

1121. And there is on each Side the radiant Point, a 
Point in the Surface, as d, which ſeparates the 
Rays forming the Curves aa and aa; the Deter- 
mination of which Point we demonſtrate in the 
Scholiums to our Elements. 

1122, And the Ray Ad, being reflected in 4g, touches 
neither of the Curves, if it be infinitely continued 
towards g,g, although it is conſtantly coming 
nearer to each Curve. 

1123. If the whole Sphere were compleated, the ra- 
diant Point would be beyond the Centre with re- 
ſpect to the oppoſite Part of the Sphere, and the re- 
flected Rays would form the Curve, of which we 


| have 
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have ſpoken before (1114.), by which the ſepa- 
rate Legs, as aa, would be joined. Theſe Things 
being premiſed, we proceed to the Explanation of 
the Phenomena of Concave Mirrors. 

If the Mirror be enlighten'd by a luminous Body, 1124. 
the Rays which flowing from all the Points of the 
Object, will form Curves, but are in greateſt plenty 
collected in the Fact of thoſe Points (1115); if there- 


fore theſe Foci are in the Surface of a white Plane, 


the Repreſentation of the luminous Body will be upon 
it, as in N* 982. and the Repreſentation will be 
inverted ; for the Line that joins the radiant Point 
and its Focus, paſſes through the Centre of the 
Sphere (1115.) 3 in which therefore all ſuch Lines 
interſect one another; and this Interſection is be- 
tween the radiant Point and the Focus (1118.), in 
which Point it is repreſented. And as the lumi- 
nous Body is brought near to the Mirror, the Appear - 
ance goes farther off (1116.) (Exp.). In the Scho- 
liums to our Elements we ſhew how to determine 
this Diſtance, as alſo ſeveral other things relating 
to the aforeſaid Curves. 

Objects placed beyond the Centre, appear between 1126. 
the Mirror and the Centre; for all the Points, as plate XII. 
a a appear in the Curve (1114.); alſo he Images Fig. 3. 
of the Objects are leſſen'd and inverted, for they are 1127. 
brought within a narrow Compaſs; and as the 
Point A falls, the Repreſentation riſes for the 
Line aa keeps the ſame Situation in reſpect of the 
Line ACa when it revolves about the Centre C 
(Exp.). 

The Repreſeniation of « Point placed in the Centre 1128. 
of the Sphere, coincides with the radiant Point itſelf, 
and is as it were ſwallowed up by it (1117). 

If the Eye be ſuppo/ed in that Centre, no Ob- 1129. 
jebt Twill be ſeen by it: For thoſe Rays only which 
coming from the Eye are reflected to it (1100.), 


(Exp.). 
if 
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1130. Fan Object be between the Centre and the Point 
in which the parallel Rays that are reſlected do concur, 
the Object allo appears without the Mirror, at a 
greater Diſtance from the Mirror than the Object 
itſelf; and its Repreſentation is inverted : Which is 
proved in the ſame Manner as in Ne 1127; and 
enlarged, becauſe this is more diſtant from the Cen- 
tre than the Object is; for the Repreſentation in- 
finitely recedes from the Centre, while the Object 
is moving through a fourth Part of the Diameter 
of the Sphere (Exp.). 

1131. JUf the Object be leſs diſtant from the Mirror than 
Plate XII. a fourth Part of the Diameter of the Sphere, the Ob- 
Fig-4 jeft will appear either before or behind the Mirror, 

according as the Eye is placed. It the Eye be fo 
placed, that the reflected Rays which form the 
Curve aa, may come to it, as towards f, it will 
ſee the Appearance of the Object magnified beyond 
the Mirror (1120. ); becauſe the Curves, as a a, which 
belong to ſeveral Points, are diverging (Exp.). 

If the Rays, which form the Curve aa, come 
to the Eye, the Object will appear without the 

1132. Mirror: and in both Caſes the Repreſemation is 

| ereft ; for as the Point A riſes or falls, the Curves 
aa, aa, in which it is repreſented, are moved 
with the ſame Motion (Exp.). 

1133. H the Eye be in that Point in which the reflected 
Rays that belong to each Curve inter ſect one ano- 
ther, as at O, the Object will appear in two Places 
at the ſame time (Exp.). and with both the Eyes it 
will appear in four Places at once (Exp.). 

In every Caſe it is evident that the Points of 
the Appearance have not the ſame Relation to one. 
another as the Points of the Object; and ſo 4 

1234. concave Mirror never repreſents the Object exattly : 
But the molt irregular Repreſentation of all is that 
which 1s in the Lines, as a a. 

1135. There are allo cylindrical Mirrors, both convex 
and concave, in one reſpect plane, and in another 


ſpherical z 
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ſpherical z therefore the Repreſentation of the 
Object is very irregular z and ſince this I la- 
rity ariſes from a regular Figure, it may be ſo de- 
termined that Pictures may be drawn, which tho? 
really irregular, will in ſuch a Mirror appear re- 
gular when the Eye has a determinate Situation 


(Exp.). 
B O O K III. 
PART III. Of Opacity and Colours. 


CH AP. XVIII. 
Of the Opacity of Bodies. 


DrriniTtion IL. 
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B Odies which tranſmit Light are call'd tranſpa- 1136. 


rent : Such are all Mediums (897.), except a 
Vacuum, which is not Body. 


There is no Body whoſe [malle/? Parts are not tranſ 1137. 


rent: Thoſe who often uſe Microſcopes do not 
in the leaſt doubt of this : There are ſome Parts 
of Metals, which, though very ſmall, do not 
tranſmit Light: Yer if they be diſſolved in Men- 
ſtruums; that is, if they be divided into much 
leſſer Parts, they will become tranſparent. 


The leaſt Parts of all Bodies, that is, thoſe 11 38. 


which ſeparate the ultimate or ſmalleſt Pores, are 
rfectly ſolid; of theſe we do not here ſpeak : 
t there are greater Parts formed by the Parts left 
by theſe Interſtices, which are joined together b 
the greater Interſtices remaining, and of which 
perhaps the greater Parts are formed, which Parts 
again may ſerve to form greater ſtill, and fo the 
Parts and Interſtices between them have a farther 
Increaſe. When we ſpeak of ſmall Parts, we un- 
derſtand ſuch as are exceeding little, whoſe Pores 
do not exceed a certain Bigneſs; and by Pores we 


underſtand 
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underſtand the greater Interſtices in the Pores of 
thoſe Parts which theſe Parts have between them. 

1139, It 1s eaſily proved by an Experiment, that 
Light can paſs through moſt opaque Bodies. In a 
dark Room, into which the Sun's Light comes 
through a Hole, if that Hole be cover'd with a 
thin Plate of an opaque Body, the Light will paſs 
through itz a piece of Wood about the thickneſs 
of the tenth Part of an Inch does not intercept all 
the Light (Exp.). But this Experiment does not 
prove that the Parts of opaque Bodies are tranſpa- 
rent, for it is only the very ſmall Parts that are 
tranſparent. 

1140. Opacity does not ariſe, as is commonly imagined, 
from the Stoppage of the Particles of Light by Parti- 
cles of Matter, for Light paſſes through all the 
ſmalleſt Parts of Bodies; nor is ſuch an Interc 
tion of Light of any uſe in cauſing Opacity ; * 
this it is required that the Light be reflected and 
deflected from a right Line, in the Performance 
of which there is only required a Separation of two 
Mediums (913. 1090. ). | 

1141. Let us ſuppoſe a Body conſiſting of very ſmall 

| Parts, perfectly tranſparent, ſuch as are the Par- 
ticles of which Bodies are made (1137.), ſepara- 
ted from one another by Pores; and that thoſe In- 
terſtices are either void, or fill'd with a Medium 
differing in Denſity from that of the Particles; if 
Light enters ſuch a Body, it will every Moment 
fall upon a Surface ſeparating Mediums of a difle- 
rent Denſity ; and therefore it will undergo innu- 
merable Reflexions and Refractions in that Body 
(899. 1085.), ſo as not to be able to pals through 

1142. it. We lee therefore that Opaci:y depends upon 
the Pores; for if you fill the Pores with a Medium 
of the ſame Denſity as the Particies of the Body them- 
ſelves, the Light will undergo no Reflexion or Re- 
fraction in the Body, but pals directly through 
(1137. 913. 1090.) ; and the Body will be tranſpa- 


rent. 
4 Though 
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Though we cannot make Experiments in which 
the Pores may be exactly fill'd with a Medium 
of the ſame Denſity with the Particles, yet the 


following Experiments will clearly enough confirm 
the Truth of Sir aac Newton's Doctrine of Opa- 


city. 5 

It Paper be moiſten'd with Water, it becomes 1143. 
more tranſparent; for it fills the Pores, and 
differs leſs in Denſity from the Particles of the 
Paper than Air does. Oil produces the fame 
Effect (Exp.). 

Several Plates of Glaſs, which laid upon one 114. 
another, ſo as not altogether to be quite two In- 
ches thick, will be leſs tranſparent than a ſolid 
Piece of the ſame Glaſs two Inches thick, becauſe 
of the Air between the Plates (Exp.). 

Let there be twelve Plates of the ſame Glaſs, 1143. 
as near as poſſible of the fame thickneſs ; let fix 
and ſix of them be laid together; if that parcel 
of thoſe two which is the leaſt tranſparent, be put 
into Water, and taken out again, 1t will then be 
the moſt tranſparent of the two; becauſe the 
Water, which in that Caſe fills the Interſtices be- 
tween the Planes, differs leſs in Denſity from the 
Glaſs than the Air does (Exp.). 

What has been ſaid about Opacity is farther 
confirmed, and put out of all doubt by innumera- 
ble Experiments, by which Bodies perfectly tranſpa- 1146. 
rent become opaque by the Separation of their Parts, 
without the Intervention of any opaque Body. 

Let any Liquid perfectly tranſparent, which 1147. 
may be changed into Froth, be agitated till it be 
full of Bubbles, it will immediately become 
opaque, becauſe the Interſtices are fill'd with Air 
(Exp.). 28 
Turpentine and Water are tranſparent Bodies; 1148. 
but if they are mixed, they form an opaque Body 


Exp.). 
(Exp.) 8 
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1149. Water and Oil by being mixed, become opaque ; 
though when ſeparate they are tranſparent (Exp.). 

1150, Glaſs, though never ſo tranſparent, when re- 
duced to Powder, becomes opaque. So likewiſe 
it does when it is cracked (Exp.). 

1151. In all theſe Caſes we clearly ſee that Opacity is 
produced, becauſe there is a Medium of a diffe- 
rent Denſity between the tranſparent Parts; which 
alſo is obſerv'd in the Clouds, which are opaque, 
becauſe of the Air's Interpoſition among the Par- 
ticles of Water. 

1152. If to theſe we add, what is faid in the 23d 
Capter following, concerning the Colours of thin 
Plates; we ſhall have new Experiments, by which 
it is fully proved that Bodies intercept Light, be- 
cauſe they conſiſt of thin Particles, encom 
with a Medium differing from them in Denſity. 

1153. Some opaque Bodies refle& a little Light, and 
the Light remaining is, by the innumerable Di- 
viſions and Reflexions which it ſuffers within the 

1154. Body, extinguiſhed ; ſuch are black Bodies; if 
there were any Bodies perfectly black, they would re- 

ect no Light at all; for all Bodies when no Li 
falls upon them, and ſo they reflect no Light, 
appear black. 

Other opaque Bodies appear of ſeveral Colours; 
ſome tranſparent Bodies are alſo tinged with 
Colours: Whence theſe ariſe we ſhall now ex- 
amine, 


CH AP. XIX. 


Of the different Refrangibility of the Rays 
of the Sun. 


Odies appear differently colour*d, though 

they be enlighten'd by the ſame Solar Rays, 
that are reflected by them: There are beſides ſe- 
veral Phenomena of Light with regard to Colours, 
which muſt not be paſſed by. 


; — — 
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In theſe three things are to be obſery*'d : 1. The 1155. 
Rays muſt be examined. 2. Their Reflexion muſt 
be obſerved. 3. We are to enquire into the Make 
of the Surfaces of Bodies differently colour'd. 

As to the Rays, the firſt Pro to be here 
taken notice of, is, that all ſorts of Rays do not 1156. 
ſuffer the ſame Refraftion under the ſameCircumſtances. 

DeFriniTion I. 

The Rays which undergo ſuch a different Refraftion, 1 1 57. 
are ſaid to have a different Refrangibility, and thoſe 
to be more refrangible, which are more inflefted by 
Refraction. 

DeriniTion II. 

Theſe Rays are ſaid to be homogeneous, which do 1158. 

not differ from one another in Refrangibility. 
Dzyrinirtion III. 


And thoſe are call'd heterogeneous, which are not 1159. 
equally inflefted by Refraction under the [ame Cir- 
cumſtances. 

Let there be a Sun- Beam between A Band CD, 1160. 
made up of an innumerable Number of parallel Pte XII. 
Rays; all theſe do not ſuffer an equal Refraction; F. 5: 
for if they fall obliquely upon the Surface BD of 
the denſer Medium, ſome of them are refracted 
between BE and DG, and are moved according 
to that Direction in the denſer Medium; others 
are more inflected, and direct their Motion be- 
tween BF and D H, in the Direction of thoſe 
Lines; nor is there any Direction which can be 
conceiv'd between the Mediums along which ſome 
Rays do not move between the Points B and D: 
ſo that the leaſt Beam whatever is, by Refraction, 
divided into an innumerable Number of Rays; be- 
cauſe every Beam of the Sun, though never ſo 
ſmall, is heterogeneous, and conſiſts of an innume- 
rable Number of Rays of all Degrees of Refran- 
gibility. 

2 The 
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The parallel Rays aforeſaid, falling upon 4 
plane Surface, are moved between BE and DH 
by Refraction; which Lines diverge more and 
more from each other, ſo that the Rays above- 
mention'd are diſperſed by Refraction. In Ne 931. 
we have conſider d the Rays as homogeneous, as alſo 
every where in the Part aforegoing ; the Difference 
of the Refrangibility is ſo {mall as to be neglected 
in what has been already ſaid. We was allo to 
examine firſt what happens to homogeneous Rays 
and what muſt be changed in the Propoſitions, by 
reaſon of the different Refrangibility, will eaſily ap- 
pear to any Body. 

In order to make the Refrangibility of Rays 
viſible, the Divergency aforeſaid muſt be made 
bigger; which will be done, when the Rays afore- 
ſaid fall upon a Surface E H, which terminates a 
denſer Medium, and ſeparates it from the rarer 
Medium, and which makes any Angle with the 
Surface B D, and is fo inclin'd to it, that the Rays, 
which are more refrangible, fall more obliquel 
upon it than thoſe that are leſs refrangible ; 4 
that the former, in paſſing into the rarer Medium, 
are more turned out of their way, and diverge more 
from the others, for two Cauſes, viz. the greater 
Refrangibility, and the greater Inclination. The 
leſs refrangible Rays between B E and DG, being 
refracted a ſecond time, do continue moving on be- 
tween ERand GL; others between FM and HV: 
In which Caſe, if theſe Rays fall upon a Plane at 
the Diſtance of fifteen or twenty Feet, thoſe which 
are more refrangible will be ſeparated from thoſe 
that are leſs, and the whole intermediate Space is 
enlighten'd with Rays endow'd with a mean Re- 
frangibility. 

This is ſhewn by means of a triangular Glaſs 
Priſm. The Light that comes to the Priſm 1s 
perpendicular to the Axis, and paſſes through it, 
as 1s demonſtrated in this Figure, in which phe 
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and E H repreſent the Sides of the Priſm; to each 
Side of which the Light is equally inclin'd : And 
if it falls _ a Board, cover'd with white Paper, 
at the Diſtance of fifteen or twenty Feet, the 
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Rays come —_— to the Paper, and form up- Plate XII. 


on it the oblong; 
by parallel Lines, bur at Rand V by Semi- circles 
(Exp.). 


Hole, fall upon a Plane at a certain Diſtance, they 
will form a bright round Spot, being ſo much the 
greater as the Plane is more diſtant from the 
Hole; which ariſes from the Rays coming from 
the Sides of the Sun, which, making an Angle 
with thoſe that come from the Centre to the Hole, 
and interſecting them in the Hole, gives the Sun's 
Image upon the Plane. 

If the Rays did not go through the Priſm, and 
fell upon a Plane at the Diſtance of the Board, the 
Image of the Sun would have its Diameter equal 
to the Breadth of the Image RV; which Breadth 
is not alter'd by Refraction, becauſe the Rays en- 
ter the Priſm perpendicular to the Axis, and are 
not inclin*d to it in reſpect of the Breadth of the 


mage RV, bounded at the Sides t 6. 


If the Sun's Rays, paſſing through a round 1164. 


Image. But ſince the Sun's [mage is oblong in ano- 1165. 


ther reſpect, it follows plainly from thence, that 
all the Rays have not been equally refracted; for 
homogeneous Rays, though refracted, give the 
Sun's Image round. The whole Image is termina- 
ted by Semi-circles at R and V, becauſc the whole 
Image conſiſts of circular Images And between R 
and V there are innumerable circular Images, made 
by Rays of all the poſſible intermediate Refran- 
gibilities; otherwiſe the Image would not be ter- 
minated by right Lines on the Sides (Exp.). 


If in a Hole, through which the Light enters 1166. 


into a Room, be placed the Object-Glaſs of a Te- 
leſcope, ſixteen or twenty Feet long, at the Di- 
ſtance where parallel Rays are collected, the Sun 
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is exact] ſented, and its Image is ter- 
1 with Bounds perfectly meaſur*d out. For 
the Rays which come from every Point of the Sun, 
which, becauſe of their immenſe Diſtance, may be 
look*d upon as parallel, are collected in one Point 
at that Diſtance. 

Now if theſe Rays are tranſmitted through a 
Priſm, all the I produced from the homo- 
geneous Rays, ſuppoſing the Board at a due Di- 
ſtance, are exactly terminated : ſo likewiſe is the 
oblong Image RV, which is formed by all the 
Images (Exp.). 

1167. This Experiment ſucceeds in the ſame manner, 
when the Rays paſs through a Priſm made of any 
Matter which is denſer than Air( Exp.). 

1168, If any Perſon, at the Diſtance of fifteen or 
twenty Feet, looks through the Hole which the 
Light enters in, it will appear round; but if he 
holds a triangular Priſm of any matter denſer than 
Air before his Eyes, ſo that the Rays coming from 
the Hole, after ſuch Refractions which the Light 
ſuffers in the aforeſaid Experiments, may reach 
the Eyes, the Hole will appear oblong. The 
Situation of the Priſm will be found, it holding 
it horizontally with one Edge upwards, it be a 
little moved about the Axis, that ſo the Im 
of the Hole riſes and falls, and the Priſm be held 
in that Situation in which the Hole appears the 
moſt depreſſed (Exp.). 

1169. This Experiment, as well as thoſe aforegoing, 
proves the different Refrangibility of the Rays; 
for, by the homogeneous Rays of each Refran- 
gibility, the Hole appears in the imaginary Focus 
of the Rays coming from the ſeveral Points of 
the Hole (1023.), which Image is round; the 
Rays, which undergo a different Refraction, en- 
ter the Eyes in all Directions, and there are ſeve- 
ral Images that all form the oblong Image which 
is really ſeen. 1 

uc 
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But that thit different Refrangibility does not de- 1170. 
gend upon the refracting Medium, but upon the Con- 
ftitution of the Rays tbemſelves, is proved, becauſe 
the Rays, which in one Caſe ſuffer the greateſt 
Refraction, are moſt of all turned out of the way 
in any Refraction. Let there be another Priſm, 
ſad Axis 1s at right Angles with the Plane 
paſſing through the Axis of the Firſt, and let the 
oblong Image aforeſaid fall upon this ſecond Priſm, 
ſo that the Rays be refracted in the ſame manner 
through this Priſm as through the Firſt; in that 
Caſe they are not diſperſed in the ſame manner, 
for that would form a ſquare Image, but, the 
Breadth of this Image remaining, it is inclined ; 
thoſe Rays being moſtly turn'd out of the way, 
which ſuffer the greateſt Refraction in the Re- 
fraction by the firſt Priſm (Exp.). 

The Demonſtration, beſore given (916.), of the 1171. 
conſtant Ratio of the Sines of the Angles of Inci- 
dence and Refraction, takes place in any homogeneous 
Rays ; but this Ratio 1s different in different Re- 
fractions, as evidently follows from the Experi- 
ments in this Chapter. 

But the Refrangibility in all the different kinds of 1172. 
Rays is every where immutable, as is put paſt doubr 
by the Experiments hereafter laid down. 


= I 4; Bhs + 
Of Colours and the Immutability of Rays. 


HE different Refrangibility of Rays attends the 1173. 
T different Colours; and all ſorts of Rays, as they 

are more or leſs infected by Refraction, have a parti- 

cular Colour of their own, and are entirely un- 
changeable, 

We muſt obſerve the ſame with regard to Co- 1174. 
lours, as has bezn taken Notice of in the other 
Senſations (699. 700. 767. 999.). Colours are 

14 Ideas 
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Ideas which have nothing common with the Rays 
that produce them : Conſequently we are to define 
what is to be underſtood by colour'd Rays and 
colour*'d Objects. 

DzeriniTron I. 


1175. An Object is ſaid to be of ſuch a Colour, whoſe Idea 
is excited in the Mind by Rays reflefted from that 
Object. | | 


DzriniTion II. 

1176. Homogeneous Rays, which ſiriking upon the Retina, 

| excite the Idea of any Colour in the Mind, are call'd 
Rays of that Colour. 

We have obſerv'd that Rays excite an Idea; the 
Meaning of which is, that the Rays give the 
Fibres a tremulous Agitation, and that Agitation 
cauſes the Idea in the Mind. 

It is very evident, from the Experiments in the 
laſt Chapter, that Rays of a different Refrangi- 
bility have a different Colour: For the oblong 
Image of the Sun is tinged with different Colours. 

1177. The Rays which are leaſt turned out of the way 
by Refraction, are Red; the reſt of the Colours fol- 
low in this order, viz. Orange, Yellow, Green, Blue, 
Purple, and Violet, the Rays of which laſt Colour 
are moſt refracted. 

1178. The oblong Image of the Sun aforeſaid, as has 
been faid (1165.), 1s formed by innumerable round 
Images: If their Diameters be lefſen'd, which is 
done by intercepting the Sun's Rays, ſo that thoſe 
which only come from the Centre of the Sun 
ſhall paſs through the Priſm, the Centres of the 
particular Image, forming the oblong Image, are 

plate XII. not changed. Therefore the Length 4h of the 

Image between parallel Lines is not changed : And 

this alone would remain the ſame, if the Breadth 

of the Image ſhould be infinitely ſmall ; ſo that 
this Length alone is to be conſider'd in determin- 


ing 


* 
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ing the Limits of the Colours in the Image itſelf ; 
theſe Colours are repreſented in the Figure by the 
Letters a, 6, c, d, e, ,, g, b; and the Number put 
down to every Colour denotes the Space taken up 
by it in the Image, when the whole Length of 
the Image is divided into 360 Parts. 
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If the Breadth of the oblong _ of the Sun be1179. 


leſſen'd, the heterogeneous Colours in the Image will be 
more ſeparated. becauſe there are fewer of the par- 
ticular Images confounded in the ſeveral Points, 
where the Rays of ſeveral Refrangibilities do but 
little differ from one another. | 


The Colour of any Ray, as alſo its Refrangibility, 1180. 


cannot be changed by any Refractiuns, or Reflexions, 
or Mixtures of the Rays together. | 

In this Chapter we ſhall ſpeak of Refraction 
and Reflexion; and in the next, of the Mixture 
of Rays. 


That Refrangibility is not changed by Re- 1181. 


fraction, is proved in the Exp. Ne 1170; which 
may alſo be referred ro Colour; but it is more 
clearly ſhewn by the following Experiment: 
About which it is to be obſerv'd, as well as con- 
cerning thoſe that follow, that the Experiments 


muſt be made withPriims of clear Glaſs, without any 


Veins; for they cauſe the Light. ro move irregu- 
larly in the Priſm, and the Rays are not duly ſe- 
parated by the Refractions. 


If the oblong Image of the Sun, by uſing the 1182. 


neceſſary Precautions, be as much as poſſible form- 
ed of homogeneous Rays, and 1t be intercepted 
© only by a few Rays of one Colour tranſmitted 
through a ſmall Hole, theſe are not ſeparated by 
the Refraction of another Priſm, nor their Colour 
changed ; the Rays of different Colours being ſuc- 
ceſſively tranſmitted, the Refraction is different 
according to the different Colour, but the Colour 


is not changed (Exp.). 
| 1 
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It is alſo evident by Experiment that the Re- 
frangibility and Colour are not changed by Re- 
flexion. 

For Example, the Rays which make up the 
red Part of the often-mention'd oblong colour'd 
Image, are ſtill Red after their Reflexion by any 
Body whatſoever, that is, all Bodies appear Red 
in that Light: In the Violet Light they are Vio- 
let; in the Green they are Green, and ſo of the 
reſt. This will appear upon Trial, with Ver- 
million, Blue Bice, or Cloth of any Colour, &c. 
(Exp.). 

If the Light enters through two Holes, and, by 
Means of two Priſms, the oblong Images of the 
Sun fall upon any Plane, and the different Colours 
touch one another at their Sides, and at the Di- 
ſtance of fifteen or twenty Feet, they be looked at 
through another triangular Priſm, the Colours 
will appear ſeparated; the Rays of different Co- 
lours, though reflected, ſuffering different Re- 
fractions. 

Upon a white Paper let black Lines be drawn 
3 to one another, and about the ſixteenth 

art of an Inch wide; let theſe be enlighten'd by 
the oblong Image of the Sun, which is formed by the 
Rays coming from the middle of the Sun, whereby 
the Colours may be the more: homogeneous (1179. ), 
ſo that the Lines may lie according to the Direction 
of the Image. Alſo let there be a Convex Lenſe, 
five or ſix Inches in Diameter, which collects the 
red Rays that come from a radiant Point, ſix Feet 
diſtant from the Glaſs, at an equal Diſtance. If 
this Lenſe be placed at the Diſtance of ſix Feet 
from the Image aforefaid, the Parts of the black 
Lines that are enlighten'd by the red Colour fall- 
ing upon the Paper, by means of the Rays which 
are collected by the Lenſe, will be exactly repre- 
ſented in the red Image at the Diſtance of ſix Feet z 
but the Paper maſt be brought forwards "__ 

ee 
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three Inches and a half, to make thoſe Parts of 
the Lines that are enlighten'd by the Purple ap- 
pear diſtinctly in the Image of the ſame Colour: 
The — Colours give Images at interme- 


diate Diſtances; the Violet is ſo weak, that the 
Lines cannot be repreſented in it (Exp.). 
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This Experiment does confirm too, that the 1187. 


Colour of reflected Rays is not changed by a 
new Refraction through the Lenſe; as alſo that 


the moſt refrangible Rays, are more inflected than 
the others in — through the Lenſe. 


Alſo this laſt Experiment proves that the diffe- 1188. 


rent Refrangibility of Rays is the Cauſe hindering the 
Perfection of Teleſcopes. For the Foci of Points 
that are equally diſtant, fall at different Diſtances 
from the Land, according, to their different Co- 
lours; whence alſo the Repreſentations of thoſe 
Points are unequally diſtant from the Eye-Glaſs ; 
and fo they cannot be all ſeen perfectly through it. 


With regard to the Reflexion of the Rays, we 1189. 


muſt obſerve that thoſe Rays are more eaſily reflected 
in the whole, which have the greateſt Refrangibility. 
For the greater the Refraction of the Rays is, the 
leſs is the Obliquity requir'd to reflect them to- 
tally (1084.). We ſee (1083.), that by moving 
the Priſm about its Axis, that the Rays which 
firſt went through, upon the Increaſe of their In- 
clination are totally reflected; bur if in this Caſe 
the Priſm be gently moved, we ſhall ſee that the 
violet Rays are the firſt which will totally be re- 
flected, and afterwards the purple Rays, and all 
the reſt in the ſame order as they are in the often- 
mention'd Image of the Sun; which appears up- 


pon ſeparating the reflected Rays by the Refraction 
of the Priſm. 


CHAP. 
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C HAP. XXI. 


Of the Mixture of Colours, and Whiteneſ;, 


E have already ſaid (1180.), that the Re- 
frangibility and Colour of Rays is not 
changed by the Mixture of Rays of different Re- 
frangibility ; which is manifeſt by Experiments, 

It the different Colours of the different oblong 
Images of the Sun (1163.) be confounded, a new 
Colour will ariſe from thence. Yet to a Spectator 
who looks at them through a Priſm, the Colours 
appear ſeparated, nor is the Colour or Refrangi- 
bility at all changed by that Confuſion of the 
Colours (Exp.). | 

If the oblong colour'd Image of the Sun falls 
upon a Convex Glaſs placed at fix or ſeven Feet 
diſtance from the Priſm, the divergent Rays 
which form the Image, will diverge by the Re- 
fraction of the Lenſe, and interſect one another 
at a certain Diſtance; and if a Board be placed at 
a greater Diſtance, the Rays which diverge again 
after their Interſection, will fall upon it di ſperſed, 
and you will again have an oblong colour'd Image; 
but the Colours will appear in a contrary order, 
by reaſon of the Interſection, and will not be al- 
ter*d by having been mixed together (Exp.). 

Every thing ſtill remaining, if with a black 
Paper you intercept ſome Rays of the Image be- 
fore their Mixture, which changes the Mixture, 
(which this way may be varied at pleaſure) the 
Colours of the other Rays which are again ſepa- 
rated, are not changed (Exp.). 

If the Sun's Rays, as they come to us, are to- 
tally reflected by any Body, that Body appears M bite; 
for theſe Rays are a parcel of Rays of various Co- 
lours (1156. 1173.); therefore à Mixture of vari- 
ous Colours makes Hhiteneſs: For if the Colours 
which are obſerv'd in the oblong Image of the 
Sun (fo often mention'd) be mixed or confounded 
with one another in the ſame Proportion as they 
are in the Image, Whiteneſs will be produced : 
2 Which 
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Which alſo proves that in that Reſpect the Rays 
are unalterable. The Rays coming from the Sun 
appear White; but if they are ſeparated, their Co- 
jours are diſcover'd; and if they are mixed again, 
the Whiteneſs will be reſtored. | 

If in the two Experiments aforegoing (in 1195. 
Ne 1191. 1192.), a Board be placed in that Place 
where all the Rays of the Image are confounded 
together by the Refraction of the Convex Lenſe, 
Whiteneſs is had; if the Red Colour of the Image 
be intercepted by a Black Paper, the White will 
vaniſh, and the Colour be bluiſh : But if the 
Rays be intercepted, the White Violet and Blue 
will appear reddiſh (Exp.). 

The Colours of the oblong Image of the Sun 1196. 
are alſo confounded by Means of ſeveral Priſms, 
and the Mixture is White (Exp.). 

If a Spectator views the oblong Image of the 1197. 
Sun at the Diſtanee of the Priſm reflecting the 
Light, the Image will appear round and white 
the ſecond Refraction deſtroying the firſt z by 
which the Rays again enter the Eye mixted, and 
ſo the Image appears white (Exp.). : 

The Mixture of all the Colours, which are ob- 1198. 
ſerved in the oblong Image of the Sun, are not neceſſary 
for producing Whiteneſs, the Whiteneſs of the Sun's 
Rays approaches ſomewhat to Yellow; and if the 
Yellow Rays be partly taken out of the Mixture, 
the W hiteneſs will be more perfect. From the 
Mixture of four or five Colours, in a juſt Pro- 
portion, Whiteneſs will be produced. 

Alſo primary Colours, that is, homogeneous 1199. 
ones, being mixed, produce innumerable Colours, 
which are different from the homogeneous or primary 
ones. A Colour like a homogeneous one may 
very often be produced by the Mixture of other 
| Colours; but when there can be no Difference obſerv'd 1200. 
| by the naked Eye between a homogeneous and a mixed 
| Colour, one may perceive a ſenſible Difference through 

a Priſm. Look at any ſmall Object through a 
Priſm, ſuch as Letters upon Paper, Flies, and 


other 
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other like things; if they be expoſed to the com- 
mon Light, they will appear confuſed ; but if 
they be enlighten'd by a homogeneous Light, 
when the Rays are duly ſeparated, they will ap- 
pear bound with diſtin& Limits (Exp.) 


CHAP. XXII. 
Of the Rain-Bow. 


Aving finiſhed what relates to the Rays en- 

lightening of Bodies; we muſt not leave 
this Subject, without explaining a Phænomenon, 
which is too remarkable and common to be paſſed 
by in Silence. 

1201. The Rain-Bow, or Iris, is what every Body has 
often ſeen. Having firſt laid down ſome Things, 
we muſt explain what is the Cauſe thereof. 

1202. Let there be a denſer Medium encompaſſed with a 
Plate XII. rarer, terminated by the Circle BDFH. Let 
Pg. 7. homogeneous Rays, which are parallel, fall upon it, 

whereof AB is one; let the Semi-diameter CB 
be drawn and continued to N ; this 1s perpendi- 
cular to the Surface ſeparating the Mediums 
therefore ABN is the Angle of Incidence ; this 
Angle is equal to the oppoſite vertical Angle CB L. 
whoſe Sine is C L perpendicular toB L, and going 
through the Centre, the Ray is refracted towards 
the Perpendicular (907.), and CBM is the Angle 
of Refraction, whoſe Sine is CM drawn from C 
perpendicular to BD: For every Ray, ſuch as AB, 
the Ratio between the Sines, ſuch as CL and 
CM is given (917.) 

The Ray BD in part does penetrate into the 
rarer Medium in the Direction DE, and in part 
is reflected in the Direction DF; fo that the An- 
gle of Reflexion CDF is equal to the Angle of 
Incidence BDC (1099.); conſequently BD and 
DF are equal. Alſo the Ray DF does in part go 
out of the denſer Medium along FG, and is re- 
flected along FH; which in the ſame * 

oes 


: 
: 
: 
\ 


w—_— Ii CEE ER CS 


of the Newtonian Philoſophy. 287 


a does in part go through HI, and in part is re- 
f fleted ; but we ſhall not conſider this Reflexion 
and other farther Refractions; they are too weak, 
becauſe of the ſeveral Diviſions the Light has un- 
dergone. 
The Ray FG, which after Reflexion goes out 
of a denſer Medium, makes the Angle GPA 
with the incident Ray A B, which varies in diffe- 
rent incident Rays; therefore though theſe Rays Plat- XII. 
ſhould be parallel, they will be deſperſed, when Fig. 8. 
they go out after one Reflexion, as 1s evident by 
| the Inſpection of the Figure. 
The Ray EE, which being continued, paſſes 
through the Centre C, is not turned out of its 
Way, either by Reflexion or Refraction (1100. 
12.). 
0 As you recede from this Ray, the Ray which 
returns is leſs and leſs inclin*d continually to the 
incident Ray. Thus the Ray DD, which goes 
out of a denſer Medium along dd, and returns 
along that Line, makes a greater Angle with 44 
than the intermediate Rays DD and EE do 
make with their returning Rays, which go out of 
the denſer Medium. 
Let BB be a ys in reſpect of which this In- 1203. 
clination 1s the leaſt of all, that is, which makes 
the Angle GPA (Fig. 7.) being the Maximum. 
Beyond BB the returning Rays are more inclined to 
the incident ones; thus A A goes back along 24. 
From this Diſperſion of the returning Rays, re- 1204. 
ceeding from the denſer Medium, they become 
continually weaker and weaker, and their Colour 
cannot be perceiv'd throughout the whole Space which 
they fill, though the Colour of the incident Rays 
be vivid. The Colour, in the returning Rays, #s 
only ſenſible where the adjacent Rays are parallel, 
and thoſe next to them diverge but a little, ſo that 
at a great Diſtance they are denſe enough to be 
perceived. The/e only are ſaid to be efficacious, - 
wil 
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will be ſo where the incident Rays being refracted 
meet in the very Point of Refraction. 

1203. Let AB, ab be adjacent Rays, parallel to one 
Pla. XIII. another, and falling upon a circular Surface termi- 
Fk. 1. nating the denſer Medium; if theſe, being re- 

fracted through BD, 4d, meet in D the Point of 
Reflexion, the reflected Rays DF, Df will make 
equal Angles with Ff, as the incident ones DB, 
Do do with B5; and ſo the refracted Rays, F G, 
Fg will be parallel (9 10.) and efficacious (1204. 
In the Scholiums to our Elements we have demon- 
ſtrated how in this Caſe (when the Ratio of the 
Sine of the Angle of Incidence 1s given) the Angle 
formed by the incident Ray and the returning 
efficacious one, may be determin'd, that is, the 
Angle APG, which here is the greateſt of all. 

i206. When the Ratio between the Sine of the An- 
gle of Incidence and that of Refraction varies, the 
Angle APG is changed; which therefore is diffe- 
rent according to the different Refrangibility of 
the Rays. 

1207. I the Surface aboveſaid be enlighten'd by hetero- 
geneous Rays, as they flow from the Sun, the effica- 
cious Rays of different Colours do not make equal An- 
gles with the incident Rays, and ſo the Colours are 
ſeparated by help of this Refrattion (Exp.). 

1208. But with regard to thoſe Rays, which after a 

Pla. XIII. double Reflexion in a denſer Medium emerge; 

Fg. 2. they will be efficacious, if they be parallel after 

the firſt Reflexion: For then FH, f, are in the 
fame manner inclined to Hh, as BD, bd is to 
B; and therefore, ſuppoſing the incident Rays 
AB, 40 to be parallel, the emerging Rays H, 
hi will be parallel too (910.), that is, efficacious. 

1209. Alſo in the Scholiums to our Elements, we de- 

monſtrate how in that Caſe the Angle H PB, for- 
med by the immerging and incident Ray, is deter- 
min'd; which Angle in that Caſe is the greateſt 
of all thoſe that are like it, being different, accord- 


ing 


* 
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ing the different Refrangibility of the Rays. 

hence alſo in that Caſe, the efficactous Rays of 1210. 
different Colours, ſuppoſing the incident Rays are 
parallel, are ſeparated after @ double Reflexion 
Exp,). 
What has heen hitherto explain'd, may be ap- 1211. 

lied to the Rain-Bow ; in order to produce which EE. XIII. 

— it is requir d that Drops of Water ſhould ©: 2. 
be ſuſpended in the Air; that the Spectator ſbould be 
placed with his Back towards the Sun, between it and 
the Drops; and that there ſhould be a dark Cloud behind 
the Drops, that the Colours may be more ſenſible, 
for theſe are ſcarcely perceived, if vivid Light 
enters the Eye at the fame time. 

Theſe things being ſuppoſed, if we conceive 1212. 
each Drop to be cut by Planes, paſſing through 
the Centres of the Drops, and thoſe of the Sun, 
and the Eye of the Spectator, what has been de- 
monſtrated (1204. 1205. 1206. 1207. 1208. 1209. 
1210.) conceming a Medium bounded by a cir- 
cular Surface, may be applied to each of theie 
Sections. | 

Here we ſpeak of Rays which penetrate eit of 1213. 
Air into Water. In red Rays, that is, ſuch 
which are the leaſt refrangible, the Ratio between 
the Sine of the Angle of Incidence and the Angle 
of Retraction, is as 108 to $1; or, which is the 
lame, as 4 is to 3; with which Numbers, if the 
Computation be made, the Angle APG (Fig. 1.) 
will be 42 Deg. 2 Min. and the Angle API 
(Fig. 2.) will be go Deg. and 57 Min. If we ſpeak 
of violet Rays, the Ratio of the Sines, is as 109 is 
to 81; which Numbers give the Angles APG 
(Fig. 1.) 40 Deg. 17 Min. and the Angle API 
(Fig. 2.) 54 Deg. 5 Min. | 
No let the Drops be ſuppoſed to be diſperſed 1214. 
in the Air, and enlighten'd by tne Sun's Rays, T. XIII 
which are parallel to one another, and to the 7 3. 
Lice OF paſſing through the Eye of the Specta- 
tor, Let us conceive the Lines 2Q, EQ, 0, 

|S BO, 


0 


f 
| 
[ 
| 
i 
| 
| 
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BO; and let the Angles eO F, be 40. Deg. 17 
Min. EOF 40 Deg. 2 Min. 50 F go Deg. 57 
Min. BOF 54 Deg. 7 Min. the ſame Line 
form Angles with the incident Rays de, DE, as, 
AB equal to the reſpective Angles aforemention'd, 
Therefore if the Drops be conceiv'd at e, E, 6, B, 
the efficacious violet Rays will enter the Eye after 
one Reflexion in the Drop e; and the Red effica- 
cious Rays come to the Eye from the Drop E: 
Alſo after one Reflexion the other intermediate 
Colours are obſerv'd between e and E, in the man- 
ner before mention*d (1177.). After two Reflex ions 
in the Drop, the efficacious red Rays come to the 
Eye from the Drop þ; and the violet efficacious 
ones from the Drop B; between theſe Drops the 
intermediate Colours appear in the ſame manner 
as between E and e, but they are diſpoſed in a 
contrary order, and, by reaſon of their double 


1215. Reflexion, are alſo weaker. 


1216, 42 


Let us conceive a Line, as Oe, to revolve about 
a fixed Line OF, preſerving the Angle eOF, and 
to form a Cone or part of a conical Surface; in 
every Situation the Line eO makes an Angle of 

Beg 17 Min. with the Sun's Rays which are 
parallel to one another and to the Line OF. /f 
therefore the Drops be diffuſed near part of the 
Surface of this Cone, at the ſame or different Di- 
ſtances, the Eye will ſee the violet Bow: The ſame 
may be ſaid of the other Colours; and therefore 
when Drops are ſuſpended in the Air, it ſees a Pow 
having the Breadth e E tinged with the homogeneous 
Colours afore-mention'd (1177.), that are diſpoſed 
in the ſame 75 " in the Experiments — 
Priſms; becauſe the heterogeneous Rays are ſepa- 
rated as much in the Drops as in the Priſm (1162. 


1217. 1207.) | 


By the ſame way of reaſoning it is evident there 
Twill be a broader Bow encompaſſing the firſt, in which 
the ſame Colours will appear in 8 contrary order, and 


weaker (Exp.). — 
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C HAP. XXIV. 

Of the Colour of Thin Plates. 
E proceed on to the Colours of natural 1718. 
Bodies; and firſt of all we think it proper 8 
to examine thin Plates. Whoever has obſerved 
carefully very thin Glaſs, or Bubbles of Water 
made with Soap, muſt have eaſily perceiv'd va- 
rious Colours in them. 

Rays of Light; by means of a thin tranſparent 1219: 
Plate, are ſeparated from one another ; and accord- 
ing to the different Thickneſs of the Plate, the Rays 
of ſome Colours are tranſmitted, and thoſe of others 
reflected; and the ſame very thin Plate is of another 
Colour when ſeex by the tranſmitted Rays, than when 


ſeen by the reflefted ones. 


If two Object-Glaſſes AB, and CD, of long Te- 1220. 
leſcopes be laid upon one another, and be preſſed PI. XIII. 
hard together in the middle, where the Glaſſes Is. + 
touch one another, you will ſee a tranſparent Spot 
ſurrounded with colout'd Circles. If the Light 
reflected by the Air lying between the Glaſſes 
comes to the Eye at O, there will appear a black 
Spot, and the Colours, which as you go from the 
Centre, are ſo diſpoſed, that by reaſon of the Re- 
petition of the Colours, they may be referr'd, to 
ſeveral Orders, as follow; BLack, Blue, White, 
Yellow, Red: VioLzT, Blue, Green, Yellow, 

Red: PvuryPtz, Blue, Green, Yellow, Red: 
GREEN, Red: Which Colours are alfo ſurrounded 
with other Colours, growing weaker and weaker 
the farther they are from the Centre (Exp.). 

If the Light paſſes through the Glaſſes to the 1221. 
Eye at O, the tranſparent Spot which tranſmits 
all the Rays, is White, and by that Series, as you 
go from the Centre, there will appear Colours, 
which are alſo referred to ſeveral Orders, contrary 
to thoſe above-mention'd: WAI Tx, Yellowiſh 

2 Red, 
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Red, Black, Violet, Blue: Wrrrz, Yellow, 
Red, Violet, Blue: Green, Yellow, Red, 
Bluiſh Green: Rev, Bluiſh Green: which are 
alſo encompaſſed with weaker Colours (Exp.). 
1222. Leta thin Plate of Water be made, by blow- 
ing up ſoap'd Water into a Bubble. Let this be 
cover'd with a very clear Glaſs, that the Colours 
which are obſerv'd in this Bubble by the Agita- 
tion of the Air, may not be confounded with the 
Motion of the Water. Such a Bubble, becauſe 
the Water 1s conſtantly running down every way, 
is very thin at the Top, and the Thicknets in go- 
ing down is continually increaſed ; and for the 
ſame Reaſon the Thickneſs of the whole does 
every Moment grow leſſer. Before the Bubble 
breaks, the top of it becomes ſo thin, that it 
tranſmits all the Light, and appears black. In this 
Caſe if the Bubble be obſerved by a reflected 
Light, viz. when it is enlighten'd by the Re- 
flexion of a whitiſh Sky, and the extraneous 
Light is intercepted by placing any black Body 
behind the Bubble; the black Spot already men- 
tion*d will appear encompaſſed with the fame co- 
lour'd Circles, diſpoſed in the ſame order as 
about the black Spot in the former Experiment. 
As the Water deſcends, the colour'd Rings are 
continually dilated until the Bubble breaks (Exp.). 
1223. If where the extreme Circumference of the Bub- 
ble appears red, by the reflected Rays, it be looked 
at ſo as to be ſcen by the tranſmitted Rays, it will 
appear blue; and generally the Colours made by 
tranſmitted and reflected Rays are oppoſite to one 
another in the ſame order as in the Experiment 
aforeſaid. 
1224. From the Compariſon of theſe Experiments it 
follows, that when the Thickne/s of a very thin Plate 
! is encreaſed, its Colour will be changed, and there 
q will be the ſame Changes ſucceſſively, and in the ſame 
4 order, whe: her the Plate be formed out of a rarer or 
1 denſer 
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denſer Medium. For in the Plate of Air between 
the Glaſſes, and the watery one in the Bubble, 


whoſe thickneſs increaſes as it farther goes from 
the Middle, the Colours are diſpoſed in the ſame 


order. 
Yet in a denſer Plate a leſs Thickneſs is requir*d 1225. 
than in a rarer, to have it tinged with the ſame 
Colour. 


Things being ſuppoſed to be the ſame, as in 
the Experiment of Ne 1220; if the Edges of the 
Glaſſes he made wet a little on one Side, the Wa- 
ter will gradually get between the Glaſſes; and 
there will be obſerv'd the very fame colour'd 
Circles in the Water as in the Arr, without any 
change of Order, but the Circles will be leſs: When 
the Water is come to the Centre, ail the Portions 
of the Circles in the Water will be ſeparated from 
thoſe in the Air, and be brought into a leſs Com- 
paſs (Exp.). 

The Colour of a Plate depends upon its Thickneſs 12 
(1220.), and Denſity (1225.), and not upon the 
ſurrounding Mediam. If a Plate of Iſing-glaſs be 
ſo thin as to appear colour*d, the Colours will not 
be changed by werting it; that is, if the Plate be 
ſurrounded with Water inſtead of Air (Exp.). 

The Colour of the ſame Plate is ſo much the more 1225. 
vivid, as its Denſity differs more from the Denſity of 
the circumambient Medium. This is proved by the 
Experiment; for the Colours of the wet Plate are 
more languid than thoſe of the fame Plate encom- 
paſſ-d with Air. Moreover the Colours are leſs 
vivid in the Plate of Water which is encompaſſed 
with Glaſs than when the ſame is encompaſſed with 
Air; but Water and Glaſs differ leſs in Denſity 
than Air and Water. 

IF Mediums equally differ in Denſity, the Colours 1228. 
will be more vivid, if the denſer be encompaſſed with | 
the rarer: For in a very thin Glaſs Plate, which 
is tinged with Colours, becauſe of its Uhinnels, 

U 3 when 
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when encompaſſed with Air, the Colours will be 
more vivid than in the Experiment of N' 1220. 
in which the Plate is ſurrounded with Glaſs. | 

1229. 4 Plate of the ſame Denſity, encompaſſed with the 
ſame Medium, reflects ſo much the more Light as it 
is thinner. Yet if the Thickneſs be too much lefſen'd, 
it does not reflett the Light. Theſe are evident 

1230. from the aforegoing Experiments; in which the 
leſſer colour'd Circles, which are the thinneſt too, 
reflect the Light the beſt of any; but in the Cen- 
tre where the Plate is the thinneſt of all, there is 
no ſenſible Reflexion; as clearly appears in 
N. 1222. In the firſt there is alſo a very thin 
Plate of Air, which does not reflect the Light; 
tor the tranſparent Spot in the Centre is bigger 
than thoſe Parts of the Surfaces of the Glaſſes 
which immediately touch by the yielding of the 
compreſſed Parts inwards. 

1221. F there are Plates of the ſame Medium, whoſe 
Thickneſſes are in an arithmetical Progreſſion of the na- 
tural Numbers 1, 2, 3, 4, 5, 6, &c. {If the thin- 
neſt of them all reflefts any homogeneous Rays, the 
ſecond will tranſmit the ſame, the third will reflect 
them again, and the Rays will be alternately reflected 
and tranſmitted ; that is, the Plates whoſe thick- 
neſs anſwer to the odd Numbers 1, 3, 5, 7, &c. 
of the arithmerical Progreflion aforeſaid, reflect 
the Rays which the others tranſmir, whoſe Thick- 
neſs anſwer to the even Numbers 2, 4, 6, 8, Ce. | 

1232. This Property of the Plate obtains in reſpe of | 
any ſort of homogeneous Rays, with this Difference, | 
that there are different Thickneſſes required for 
different Colours, as has been already ſaid (1220.) 
the leaſt of all is for the Reflexion of the violet Co- | 
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lour, and the thickeſt for reflecting the Red is grea- | 
teſt; if the Thickneſſes are intermediate, the Rays 
of an intermediate Refrangibility are reflected, 
1223-that Is, as the Refrangibility of the Ray increaſes, 
the Trickneſs of the Plate which reflects it is lefſen'd. 
Ler 
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made in a dark Place, to produce the oblong 
1 Image of the Sun upon a Paper. Let there be 


two Obje&-Glaſſes of long Teleſcopes (ſuch as in 


Ne 1220) preſſed together, and fo diſpoſed, that 
every ſingle Colour of the Image abovemention'd 
may be ſeen ſucceſſively as though in a Mirror 
that is, that the Glaſſes may be ſucceſſively en- 
lighten'd by different homogeneous Rays; which 
may be dane by gently moving the Priſm about 
its Axis by which the Rays are ſeparated in the 
oblong Image. The Rings mention'd in the firſt 
Experiment appear, but in greater Number, and 
only of one Colour; becauſe of the Immutability 


of homogeneous Rays (1180.) in the Interſtices 
ol thoſeRings the Rays are tranſmitted ; as clearly 


appears, by holding a Paper behind, upon which 


the tranſmitted Rays will ſtrike: The Rings are 
the leaſt of all when they are violet ; then are ſuc- 
ceſſively dilated, confidering the following Colours 
quite to the Red. If, when the Rings are ſuppoſed 
of any Colour, you meaſure exactly the Diameter 
of the Circles that may be conceiv*d to be in the 
middle of the Breadth of the Rings, the Squares 
of the Diameters will be to one another as the odd 
Numbers 1, 3, 5, &c. And in the fame manner if 
the Diameters of the Circles be meaſur'd which 
are in the middle of every one of the Interſtices 
between the Rings, the Squares of their Diamerers 
will be as the even Numbers 2, 4, 6, Sc. But as 
the Glaſſes are ſpherical, the Thickneſſes of the 
Plates of Air in the aforeſaid Circles are as the 
even and add Numbers (Exp.). 


DEFINITION. 
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Let the Experiment, ſo often mention'd, be 1234. 


An homogeneous Colour in a Plate of any Medium, 1233. 


is ſaid to be of the firſs Order, if the Plate be the 
thinneſt of all thoſe that reflect that Colour; in a 
Plate whoſe Thickneſs is triple, it is ſaid te be of the 
ſecond Order, &c. 
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A Colour of the firſt Order is the moſt vidid of any y 
and ſucceſſively in the following Oraers, in the ſecond, 
third, &c. it is leſs and leſs vivid (1229.). 

When a Plate of Air is enlighten'd with hete- 
rogeneous Rays, as that between the Glaſſes of the 
Teleſcopes, or any Plate like it of any other Sub- 
ſtance, as in Ne 1222. ſeveral of the Rings ſeen 
in the aforeſaid Experiment (N* 1234.) are con- 
founded together, and that Colour is ſeen which 
is made of their Mixture: For the ſame thickneſs 
of a Plate is often requir'd for reflefting Colours of 
different Orders: Thus a Plate which reflects the 
Violet of the third Order, does alſo reflect the Red 
of the ſecond Order, as may be gather'd from the 
laſt Experiment, if it be attentively conſider'd: 


And therefore in N' 1220. 1222. the third violet 


Ring is confounded wich the outward Edge of the 
ſecond red Ring, and a purple Colour is produced; 
yet all the Red of the ſecond Order is not abſorbed; 
becauſe the red Ring 1s wider than the violet 
Ring. 

The mere the Thickneſs of a Plate is increaſed, the 
more Colours it refiefts, and various ones too, ot 
ditterent Orders. The violet Plate of the tenth 
Order 2grees with the blue one of the ninth, and 
the yellow one of the eighth Order, and laſtly with 
the red one of the ſeventh Order, and the Colour 
of the Plate conſiſts of the Mixture of theſe Co- 
lours. 

If in the Experiments aforeſaid (N* 1220. 1222.) 
A Spcitatur looks obliquely upen the Plates, ſuch as that 
made of Air, and that made of Water, the Rings 
will be dilated as they are ſeen more obliquely, 
that is, in this Motion of the Eye, the Colour of 
the Plate is changed in à determinate Place; yet 


the Dilatation is greater in Ne 1220. which proves 


hat the C var 15 more changed by the Obliquity of the 
Kass, if the Piate be encompaſſed with à aenjer 
Medium, thai wen i is by a rater. 


The 
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The Demonſtration of which Propoſition is 1242. 
eaſily deduced from the Laws of Refraction. Let C4. XIII. 
L and / be thin Plates; the laſt encompaſſed with Ts. 5: 
a denſer, and the firſt with a rarer Medium; and | 
let them both be of the ſame Thickneſs: If the | 
Rays AB, ab, equally inclin'd to the Plates, fall | 
upon them, there will be a Refraction at L to- || 
wards the Perpendicular (907.); on the contrary 
at / the Ray is refracted from the Perpendicular 
(90$.); and though BD and d are equal, bc is 
longer than BC; and therefore there is a greater 
Change in the Motion of the Light in the Plate / 
than in L. The Denſity of the Plate L being increaſed, 1243. 
the Medium with which it is encompaſſed remaining 
the ſame, there will be a leſs Difference between 
BC and BD, and ſo @ leſs Change of Colour; and 1244. 
if the refracting Power of the Plate be ſo augmented, 
that the refracted Rays, whatever be the Obliquity 
of the incident ones, ſhall not ſenſibly differ, there 
will be no ſenſible Difference in the Colour of the Plate, 
whatever Situation the Eye is placed in. 

From hence we deduce, that the Colour of ſome 12.45. 
Plates will vary upon changing the Poſition of the 
Eyes, and that the Colour of others is permanent. 


CHA P. XXIV. 
Of the Colours of Natural Bodies. 


HAT regards the Colours of all forts of 
Bodies may be eaſily deduced from what 
has been already explain'd. 
2 The reflected Rays are to be firſt examined, 
and then the Make of the Surtaces muſt be in- 
* quir'd into. 
; Ve have ſhewn that the Rays of Light have 
Colours pcculiar to themſelves and unchangeable, 
bo as not to be changed by Reflexion (1180.,, 
Therefore He Rays reflected from Bodies, haze 4 1246. 
greater or leſs Refrangivil.ty, according as a greater or 
Ko 40/5 
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leſs Refrangibility is proper to the Colour of the Body 
itſelf. Let two ſquare Pieces of Ribbon, the one 
red and the other violet (of about two Inches) be 
fixed in the Middle of a black Paper, and fo 
join'd as to touch one another at their Sides. 
Place the Paper ſo, as that the Ribbons may be 
well enlighten'd by the Light which comes x ther 

a Window into a Room: If a Spectator looks at 
the Ribbons through a Prifm, the Colours will 
appear ſeparated (Exp.). 

1247. If the Ribbons (above-mention'd) in a dark 
Place be enlighten'd by the Sun-Beams, but fo 
that the Place be not roo much enlighten'd, and 
at ſix Feet Diſtance you Place a Convex Lenſe, 
ſuch a one as is mention'd in N* 1191, at about 
the Diſtance of ſix Feet, you will have the Re- 
preſentation of the red Ribbon upon a white Paper, 
and at a leſſer Diſtance you will have an exact 
Repreſentation of the other. It may be deter- 
min'd when the Repreſentations are exact, by 
binding black Threads upen the Surface of the 
Ribbons, for theſe Threads appear diſtinctly in 
the exact Repreſentation (Exp.). 

2:%, That Bodies have various Colours, becauſe different 
Rays are refletted from Bodies of different Colours, 
aud that a Body appears of that Colour which ariſes 
rom the Mixture of the reflected Rays, is not only 
deduced from the aforegoing Experiments, bus 
may alſo be demonſtrated directly by other Ex- 
periments. Let there be two Bodies of any fort, 
the one red, and the other blue, and let them be 
ſuccuſſively enlighten'd in a dark Place by the 
Colours of a colour'd Image, which is made by 
the Refraction of a Priſm; each of the Colours 
wi!l be reflected by both, but the red Rays will 
be reilected moſt copiouſly from the red Body, 
de the blue Body reflects but a few of them, as 
> 1s prly appears by comparing the red Colour of 
vorn the Bodies: The contrary happens in * 
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leſs Refrangibility is proper to the Colour of the Body 
itſelf. Let two ſquare Pieces of Ribbon, the one 
red and the other violet (of about two Inches) be 
fixed in the Middle of a black Paper, and fo 
join'd as to touch one another at their Sides. 
Place the Paper fo, as that the Ribbons may be 
well enlighten'd by the Light which comes chro? 
a Window into a Room: If a Spectator looks at 
the Ribbons through a Priſm, the Colours will 
appear ſeparated (Exp.). 
12:7. If the Ribbons (above-mention'd) in a dark 
Place be enlighten'd by the Sun-Beams, but fo 
that the Place be not too much enlighten'd, and 
at fix Feet Diſtance you Place a Convex Lenſe, 
ſuch a one as is mention'd in N* 1191, at about 
the Diftance of ſix Feet, you will have the Re- 
preſentation of the red Ribbon upon a white Paper, 
and at a leſſer Diſtance you will have an exact 
Repreſentation of the other. It may be deter- 
min'd when the Repreſentations are exact, by 
binding black Threads upon the Surface of the 
Ribbons, for thefe Threads appear diſtinctly in 
the exact Repreſentation (Exp.). 

That Bodies have various Colours, becauſe different 
Rays are reflected from Bodies of different Colours, 
aud that @ Body appears of that Colour which ariſes 
ram the Mixture of the reſtected Rays, is not only 
deduced from the aforegoing Experiments, bus 
may alſo be demonſtrated directly by other Ex- 
periments. Let there be two Bodies of any fort, 
the one red, and the other blue, and let them be 
ſuccaſively enlighten'd in a dark Place by the 
Colours of a colour'd Image, which is made by 
the Refraction of 2 Priſm; each of the Colours 
i be reflected by both, but the red Rays will 
be reflected moſt copiouſly from the red Body, 
3 il: the blue Body reflects but a few of them, as 
> he priy appears by comparing the red Colour of 
dera the Bodies: The contrary happens in 2 
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blue Rays, which are reflected in ter abun- 
dance from the blue Body, whilſt red Body 
reflects but a few of them (Exp.). 

The Rays which gre not reflected from a Body, 1249. 
penetrate into it, and there ſuffer innumerable 
Reflexions and Nefractions (1141.), till at laſt 
they unite themſelves to the Particles af the Body 
itſelf (751.). Therefore @ Body grows hot ſo much 1250, 
the ſooner, as it reflefts Light in a leſs Quantity (775.). 
Therefore a white Body, which reflects almoſt all 125. 
the Rays with which it is enlighten'd, heats the 
ſoweſt (1193.), whilf# 4 black Body, into which 
almoſt all the Rays penetrate, becauſe only a few 
are reflected (1154.), acquires Heat ſooner than any 
other. 
In order to determine the Conſtitution of the 1252. 
Surfaces of Bodies upon which their Colour de- 
pends, we muſt canſider the ſmalleſt Particles of 
which thoſe Surfaces are formed ; theſe Particles 
are tranſparent (1137.), and are ſeparated by a 
Medium of a different Denſity from the Particles 
themſelves (1142.) ; they are alſo thin, otherwiſe 
the Surface would as it were be cover'd with a 
tranſparent Body (1142.), and the Colour would 
depend upon the Particles underneath theſe. There- 
fore there are innumerable ſmall thin Plates in the 
Surface of every colour'd Body; but by leſſening 
the Plate, when the ſame Thickneſs is preſerv'd, 
its Properties with regard to the Reflexton of 
Light are not altered; for the ſmalleſt Plate is 
very large in reſpect to the Rays of Light; there- 
fore what has been demonſtrated in the laſt Chap- 
ter may be applied to theſe Plates in the Surfaces 
of Bodies. From whence we deduce the following 
Concluſions. 

The Colour of a Body depends upon the Thickneſs 1253. 
end Denſity of the Parts of the Body, which are in 
ite Surface between the Pores of the Body (0200) 

| be 


300 


1254. The Colour is ſo much the more vivid and bomo- 
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geneous, as the Parts are thinner (1236.1239.). 


Al things elſe alike, the aforeſaid Parts are of the 


greateſt Thickneſs when the Body is red, and of the 
leaſt when it is violet (1233.). 


1236. The Parts of Bodies are much denſer than the 


Medium contain d in their Interſtices (1241. 1243. 
1244.) 


1257, This Denſity is leſs in the Tails of Peacocks, and 


1259. 


generally in all Bodies whoſe Colour differs accord- 
ing to the different Situation of the Eye (1240. 
I 243.). 

The Colour of a Body is more obſcure and dark 
when à denſer Medium enters its Pores (1227.); for 
then the Parts upon which the Colour depends 
are encompaſſed by a denſer Medium than before, 


1259. This is found by Experience in all Bodies which 


1260. 


121. 


142 


are thoroughly penetrated by Water or Oil. 
When the Bodies are dry they recover their for- 
mer Colour, unleſs in ſome Caſes, in which ſome 
Parts are carried away by the Action of the Wa- 
ter or Oil, or when fome Parts of the Water or 
Oi! are ſo united with the Parts of the Body, as 
to Change the T hickneſs of the Plates. 

From ſuch a Cauſe are deduced the Changes in 
the Colours of ſome Liquors, upon mixing them 
With others; the ſaline Particles ſwimming in one 
Liguid, often unite themſelves to the ſaline Particles 
fwimming in another; or from the Action of the ſuper- 
ventent Particles, the Farticles join'd together are ſe- 
parated ; by all which the Thicknefſ*s of the Particles, 
and with them /e Colour of the Liquids is changed 
1224.) 

The Colour of a Liquid is ſometimes different, if it 
be jeea by teſtetic Ravs, from what it is when ſeen 
by tranſmitted ones» We have fhewa before how 
is happens 1220.) 

An Infuſion of Linum Wil riticum, not IG 
much tinged, app ars blue by r. fle ted Rays, but 

yellow 


1 * 
r TEENS 4 


4 
7 
? 


—_ — 


r 


— of 


2„2•„„„ „4 hog — — 3 a 


„ * ._ 
3 


= 
| ; 
N 
N 


of the Newtonian Philoſophy. 
ellow when the Vial containing it be between the 
Eye and the Light (Exp.). 
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If Spirit of Vinegar be poured into the Infuſion 1263. 


of Lignum Nipbriticum, it appears yellow where- 
ſoever 1t be ſeen (Exp.). 


In that Caſe the Thickneſs of the Particles is 1264. 


changed, and the Rays that were tranſmitted 
through each of the Particles are intercepted ; but 
though the Liquor is placed between the Eye and 
the Light, it is ſeen by reflected Rays; for we 
may eaſily conceive that ſuch Rays come to the 
Eye from the various Reflexions which the Light 
ſuffers in the Liquid. But this Colour only is 
ſenſible, becauſe the Rays cannot penetrate di- 
rectly through the Liquid. 


From this we may deduce the Reafon why 41265. 


colour*d Liquid, in a Glaſs of the Figure of an in- 
verted Cone, when it is placed between the Eye and 
the Light, appears of à different Colour in different 
Parts of the Veſſel; in the lower Part all the Rays 
which are tranſmitted through the Particles are 
not intercepted ; then they are more and more in- 
tercepted, according as there 1s a greater Quantity 
of che Liquid between the Eye and the Light; 
at laſt they come to be all intercepted, and only 
thoſe which are reflected by the Particles do pene- 
trate into the Liquid; in which Caſe the Colour 
coincides with the Colour of the Liquid ſeen by 
the reflected Rays. 


Oftentimes tbe Clouds appear with very beautiful 1255, 


Colours, They conſiſt of aqueous Particles, be- 
rween which Air is interſperſed; conſequently a 
Cloud will be of a different Colour, according to 
the various Thickneſs of theſe aqueous Particles (1224.). 
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Of the different Action of Light pon diffe- 

rent Bodies. 


E have not conſider'd the different Re- 

frangibility of the Rays, in the ſecond 
Part aforegoing ; but, for avoiding Confuſion, have 
only treated of Rays, and have ob- 
ſerved that what has ſaid may be applied to 
any Rays whatſoever (1161.). For the ſame Rea- 
ſon, in * ſecond and third Part, where we ſpeak 
of the Action of Bodies upon t in reflecting 

1267.and refracti it, we have d every Particle 
as if it ated upon Light in the ſame mmer; and 
therefore it exerts a greater Action according to the 

1268. Proportion of the Denſity increaſed, which is only 
true when the Particles are of the ſame kind. 

1269. In Air, Glafs of Antimony, the Lapis Specu- 
larius, Common Glaſs, Mountain Cryſtal, the 
refracting Power is ſenſibly as the Denſity, 

1270. So alſo in unctious Bodies, as phire, Oil of 
Olives, Linſeed Oil, Oil "of hd pg wag and 
Gum, the refracting Power is nearly as the Den- 
ſity z which is true = Oh of other Claſſes of Bodies; 
and whot has hon kickeres G5 my be applied to 
each of the Claſſes. 

1271, But if Light be ſuppoſed to paſs from a Body of 
one Claſs into a Body belonging to another, what has 

been already explain'd does not take Place. Yet 
theſe may be applied to any poſſible Caſes, if what 
has been ſaid concerning a denſer Medium in general, 
be applied to Mediums, whoſe Action upon Light 10 
refract or reflef it, is greater. 
1272, But that Action is proportional to the Action 
by which each of the Particles act, and to the 
| Number of the Particles contain'd in a determinate 
| 1 which Number is as the Denſity of the 
7. 


But 
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But the Force by which each of the Particles 1273. 
ad cannot be found but by Experiments made 
about Refraction, Sir //aac Newton has determined 
that Force in the Particles of Twenty-two diffe- 


rent Bodies; and ſuch a Table as Newton has 


given concerning them in his Opticks, may be 
extended to many other Bodies, by the Aſſiſtance 
of Mr. Hawksby's Experiments on Refraction. I 
ſhall now obſerve ſome Phænomena which ariſe 
from the different Refrangibility of Particles. 

Though the Denſity of Glaſs, compar'd with 1274. 
the Denſity of Oil of Turpentine, is nearly triple, 
yet becauſe of the greater Force by which each of 
the Particles of the Oil act upon the Light, the 
Rays undergo but a ſmall Refraction in going out 
of the Oil into Glaſs, yet the Refraction is made 
towards the Perpendicular, 

If a very convex Glaſs Lenſe be fo placed in a 1275. 
Glaſs Veſſel, bounded by parallel Planes, and 
having Oil of Turpentine in it, that the Axis of 
the Lenſe be perpendicular to the Sides of the 
Veſſel, Objects appearing through the Lenſe and 
the Veſſel, will appear much the ſame as if there 
were no Lenſe (Exp.). 

If the Surface of a Glaſs be made rough by rub- 1276. 
bing it with Sand, the Glaſs becomes opaque, be- 
cauſe the Air penetrates between the prominent 
Particles of the Glaſs (1142,). If that Surface of 
the Glaſs be wetted with Water, its Opacity is 
lefſen*d ; but by uſing Oil of Turpentine inſtead of 
Water, the Glaſs will become ſufficiently tranſpa- 
rent (1271. 1142.). (Exp.). 

The Particles of the Water act with a greater 1277. 
Force than the Particles of the Glaſs; but the Den- 
ſity of the Glaſs does more exceed the Denſity of 
the Water, and the whole Action of the Glaſs 
upon the Light exceeds the Action of the Water; 
therefore alſo in that Caſe the Refraction is made 

towards 


f 
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towards the Perpendicular in the Paſſage of the 
Light out of the Water into Glaſs. 

1278. But the Particles of unctious Bodies in their 
Action upon Light do very ſenſibly exceed the 
Particles of Water ; and although the Denſity of 
Water is greater than that of Oil of Turpentine, 
a Compenſation will not be gained from thence; 
therefore in that Caſe, in the Paſſage of Water 
out of the Oil into Glaſs, that is, out of the denſer 
into the rarer Medium, the Refraction is towards 
the Perpendicular (Exp.). 


The End of the Third Bock. 
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PART I. Of the Syſtem of the World. 
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1 
A General Idea of the Planetary Syſtem. 


E who conſiders with Attention, that Space 

can have noBounds(17.), will ſcarcely be able 

to deny, that the ſupreme omnipotent Intel- 
ligence has every where made manifeſt the fame Wiſ- 
dom which he has ſhewn to the Inhabitants of the 
Earth in a ſmall Compaſs. Whar I here call a ſmall 
Compaſs, vaſtly exceeds our Comprehenſion ; yet 
it is but ſmall, compared with the infinite Space. 

Our Earth, with fixteen other Bodies (for we have 279. 

no knowledge of any more) moves in à determinate 
Space; neither do theſe Bodies recede from, or 
come nearer to one another beyond their ſer 
Bounds; and their Motions are perform'd accord- 
ing to unchangeable Laws. 


DeFiniTion I. 
This Collection of ſeventeen Bodies is call'd the 1289, 
Planetary Syſtem. BY 
e 
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The whole Art of Aſtronomy is almoſt employ'd 
concerning theſe alone ; and theſe will be chiefly 
my Subject in this Work: The other Bodies that 
conſtitute the Univerſe, are too far diſtant from us, 
for their Motions (if they move) to fall under our 
Obſervation ; of thefe only the lucid Bodies can 
be percetv'd by us; and of thoſe only the more 
remarkable ones, and which are leſs diſtant from 
us than the reſt; even moſt of ſuch as are ſeen by 
the Telefcope, are inviſible to the naked Eye. 


DgFINITION II. 


1281. All theſe Bodies are call'd fixed Stars. 

They are call'd fix'd, becauſe as far as can be 
perceivd, they keep the fame Poſition with re- 
ſpect to one another: We muſt take Notice of 
fome things peculiar concerning thefe hereafter. 

1282. But as to the Planetary Syſtem ; in this we have 
faid there are ſeventeen Bodies, which are all ſpberi- 
cal. One only foines by its own Light, the veſt are 
opaque, and are viſible only by the Light which they 
1283.borrow from that. 

The Sun is that lucid Body, and far the greateſt 
of all in the Planetary Syſtem ; it is at reſ in the 
middle of it, at leaſt it is agitated by a very ſmall 
Motion. 


DeyrinirTIon III. 
1234. The other Sixteen are call'd Planets. 
Theſe are divided into two Claſſes, Six are calld 
the Primary Planets; Ten are calPd the Secondary 


Planets. hen we ſpeak of Planets without any 
Diſtinction, we always underſtand the Primary 
ones. 


1285. The Primary Planets move round the Sun, and 
are carried at different Diſtances from it, in Curves 
that return into themſelves. 

| 1286. 4 Secondary Planet revolves round a Primary one, 

[ and accompanies it in its Motion round the Sun. 

| 1287. The Planets in their Motion deſcribe Elliptick Lines, 

| (273.), not much different from Circles, 


= 
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And all thoſe Lines are fixed, at leaſt there is 
but a ſmall Change to be obſerv'd in a long time 
in their Situation. 
The Orbits of all the Primary Planets are in ſuch 1288. 


a Pofition, that one of their Foci falls in with the Plate III. 


Centre of the Sun; let the Ellipſis AB ab repre- FK. 11 
ſent the Orbit of a Planet; then F will be the 
Centre of the Sun. 

DerixfT Ion IV. 

The Diſtance between the Centre of the Sun, and 1289. 
the Centre of the Orbit, is calld the Excentricity 
of the Planet; as FC. | 

In every Revolution the Planet approaches once to 1290. 
the San, and once recedes from it; and at its greateſt 
Diſtance is at a, the Extremity of the greater 
Axis of the Orbit; and at its leaſt Diſtance, is in 
the oppoſite Extremity A. 

DETINITION V. 

That Diſtance of the Planet from the Sun is called 1291. 
the mean Diſtance, which is equally different from the 
greateſt and the leaſt. At this Diſtance the Planet 
is in the Extremities B, & of the ſmaller Axis. 

DzeriniTion VI. 

The Point of the Orbit, in which the Planet is at 1292, 
its greateſt Diſtance from the Sun, is call d the Aphe- 
lum, as 4. 

DeEriniTioN VII. 

The Point of the Orbit, in which the Planet is at 1293. 
its leaſs Diſtance from the Sun, is caiPd the Perihe- 
lum, as A. | | 

DeriniTtion VIII. 
Theſe Points are commonly call'd the 4: ges cr 1294. 


Agſides. 
DzeyrtniTiIon IX. — 
The Line which joins the Apſides, that is, the 1295. 
greater Axis of the Orbit, is call*d the Line of 


X 2 Every 
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1296 Every Orbit is in a Plane which paſſes through the 
Centre of the Sun. 
DzriniTion X. 
1297. The Plane of the Orbit of the Earth is call'd the 
Plane of the Ecliptick. 
This Plane is to be continued every way; and 


Aſtronomers conſider the Poſition of the P of 
the other Orbits with reſpect to this. 


Drrixfrrox XI. 


1298. The Points in which the other Orbits cut the Plane 
e the Ecliptict, are cald the Nodes. 


DRFINITION XII. 


1299. The Line which joins the Nodes of any Orbit, that 
is, the common Section of the Plane of the Orbit 
with the Plane of the Ecliptick, is call'd the Line 
of the Nodes. 

1300. A Planet is not carried with an equal Celerity in 

1301. alli the Points of its Orbit : the leſs it is diſtant from 

the Sun, the ſwifter is its Motion; and the Times in 
which the ſeveral Arches of its Orbit are run through, 

are to one another as the Area's form'd by Lines 
drawn from the Planet to the Centre of the Sun. 
The Arches AG, GB, are run through in Times 

which are to one another as the Area's of the 
mixed Lined Triangles AFG, GFB. | 

1302. All the Planets are carried the ſame way; and 
their Motion in their Orbits is contrary to that 
Motion which we obſerve daily in all the cæleſtial 
Bodies, by which in one Day they ſeem to be car- 
ried round the Earth; of which hereafter, 


DzriniTion XIII. 
1303. A Motion, ſuch as is that of the Planets in their 
Orbits, is ſaid to be in Conſequentia and Direct. 
Derinition XIV. 


1304. The contrary Motion is call d a Motion in Antece- 
dentia, and ſometimes Retrograde. 


. 


The 
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The more diſtant the Planets are from the Sun, tbe 1305. 


flower they move in their Orbits; ſo that the perio- 


dical Times of the moſt diſtant ones are greater, 
both becauſe they have a greater Orbit to run 
through, and a ſlower Motion. 


DzriINITION XV. 


The Line which paſſes through the Centre of 4 1306. 
Planet, and about which it moves, is called the Axis 
of the Planet, 

The Planets, at leaſt moſt of them, and the Sun 1307. 
itſelf move round their Axes: There are two, of 
which, in this reſpect, we cou'd make no Obſer- 
vations, but which in all probability have this 
Motion. 

This Motion agrees or conſpires with the Motions 1308, 
of the Planets in their Orbits, that is, it is in Con- 
ſequentia. 

The Axes themſelves are moved by a paralbl Mo- 1 309. 
tion, ſo that all the Points of the Axis of a Planet 
deſcribe equal and ſimilar Lines. 

Derinition XVI. 

The Extremities of the Axis are call'd the Poles 1310. 
of the Planet. | 

Aſtronomers compare together accurately enough the 1311, 
Diſtance of the Planets from the Sun, ſo as to give Pla. XIV. 
us an Idea of the whole Syſtem. The Dimenſions 
of the Orbit are repreſented in this Scheme, in 
which the Points N, N ſhew the Nodes of each 
Orbit. 

Nevertheleſs we cannot compare the Dimenſions of 1313. 
this Sytem with any that we know upon the Surface 
of the Earth; for no Aſtronomer will aſſert that 
the Obſervations, made concerning ſuch a Compa- 
rifon, are free from Error. 

But that the ſeveral Parts of the Syſtem may be 1313, 
compar*d together ; we ſuppoſe the middle Di- 
ſtance of the Earth from the Sun to be divided 

X 3 inra 
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into 1000 equal Parts, which we make uſe of in 
meaſuring the other Dimenſions. 

1314. The Sun ©, as was faid before, is agitated by 
a {mall Motion in the middle of the Syſtem ; it 
moves round its Axis in the Space of 25 + Days: 
And its Axis is inclin'd to the Plane of the Eclip- 
tick, making an Angle of 87 Deg. 30 Min, 

1315. Mercury , is the leaſt diſtant from the Sun 
of any of the Planets; its mean Diſtance from the 
Sun is 387, its Eccentricity 80, the Iaclination of 
its Orbit, that is, the Angle form'd by the Plane 
of its Orbit with the Plane of the Ecliptick, is 
6 Deg. 52 Min. it performs its Revolution round 
the Sun in 87 Days, 23 Hours, 15 Man. 38 Se- 
conds. FJ a op 5 

1316. The next is Venus 2, whoſe Diſtance from the 
Sun is 723, its Eccentricity is 5, the Inclination of 
its Orbit 3 Deg. 23 Min. It performs its periodi- 
cal Motion in 224 Days, 14 Hours, 49 Min. 
20 Seconds, and its Motion round its Axis is per- 
form'd in 23 Hours, 5 

1317. The third Planet, in order from the Sun, is our 
Earth o, its mean Diſtance from the Sun, is 1009, 
its Eccentricity 16,91 or 17; it is mov'd in the 
Plane of the Ecliptick; its periodical Time is 365 
Days, 6 Hours, 9 Min. and 22 Seconds, and the 
Motion about its Axis is perform'd in 23 Hours, 
56 Min. 4 Seconds. Its Axis makes an Angle 
4-7 the Plane of the Ecliptick of 66 Deg, 31 

* Th Chak 

1318. The mean Diſtance of Mars 4 from the Sun is 
1524, its Eccentricity is 141, the Inclination of its 
Orbit 1 Deg. 52 Min. its periodical Time 686 
Days, 22 Hours, 29 Min. Its Revolution about 
its Axis is perform'd in 24 Hours, 40 Min. 

1319. Jupiter u, the biggeſt of all the Planets, is di- 
| ſtant from the Sun, at a mean Diſtance, 5201 ; its 
Eccentricity is 250. The Inclination of its Orbit is 

1 Pcg, 20 Min, the periodical Time is 4332 Days, 
1232 Hours, 
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12 Hours, 20 Min. 9 Seconds; and its Revolu- 
tion about its Axis is in 9 Hours and 56 Min. 

The mean Diſtance of Saturn 5, (the moſt di- 13 20. 
ſtant Planet from the Sun) is 9538, its Eccen- 
tricity is 347, the Inclination of its Orbit is 2 Deg. 

30 Min. the periodical Time is 10759 Days, 7 
Hours, 36 Min. It is encompaſſed with a Ring 
which does not touch the Planer, but never leaves 
it: This Ring is not viſible without a Teleſcope. 

The mean Diſtance being given, if you add the 
Eccentricity, you will have the greateſt Diſtance z 
but if you ſubſtract the Eccentricity from the 
mean Diſtance, you will have the leaſt Diſtance 
(1291.). 

The three Planets, Mars, Jupiter, and Saturn, 1321. 
which are more diſtant from the Sun than the 
Farthi, arg cold the ſapcrior Planets; Venus and 
Mercur irc cul'd the inferior ones. 

Tree of the primary Planets are accompanied by 1322. 

ſecondary ones. 

Five Planets, call'd Satellites, move about 
Saturn; four about Jupiter; one about the Earth; 
viz, the Moon. 

The ſecondary Planets, except the Moon, are 
not viſible to the naked Eye. 

The Satellites, by Lines drawn wo the Centre of 1323. 
the Primary Planets, deſcribe Areas about them, pro- 

portional to the Times; as has been ſaid of the Pri- 
mary Planets with reſpect to the Centre of the Sun 
(1301.). 

The 3 maves about the Earth in an Ellipfis, 1324. 
one of whaſe Foci is in the Centre of the Earth, from 
which the main Diſtance of the Moon is 60 + Se- 
midiameters of the Earth: Its Eccentricity is liable 1325. 
to change; the mean one is 3j Semidiameters. 

The Plane of its Orbit forms an Angle with the 1326. 
Ecliptick of about 5 Deg. but this Iuclination is not 1327. 
conſtant, or always the ſame. Jn the Mation of the 
Moon round the Earth, neither the Line of the Nodes, 


X 4 for 


312 


An EXPLANATION 


nor the Line of the Apſides is carried in a parallel 
Motion; but the Line of the Nodes moves in Antece- 
dentia, and the Line of the Apfides in Conſequentia ; 
the firſt performs its Revolution in about 9 Years, 
and the Second in 19. The periodical T ime of the 
Moon's Motion about the Earth is 27 Days, and 
about 7 Hours and 43 Min. and it is turn'd about 
its own Axis exactly in the ſame Time. 


1328. The firſt or inmoſt of the Satellites of Jupiter, 


is diſtant from Jupiter's Centre 2 } Diameters of 
Jupiter: It is mov'd round Jupiter in one Day, 
18 Hours, 27 Min. and 34 Seconds. 

The Diſtance of the Second is 4 Diameters of 
Jupiter: Its periodical T ume is 3 Days, 13 Hours, 
13 Min. 42 Seconds. 

The Diſtance of the Third is 7 Diameters; 
Its periodical Time is 7 Days, 3 Hours, 42 Min. 
36 Seconds. 

The Fourth is diſtant 12 3 Diameters : It per- 


forms its Motion in 16 Days, 16 Hours, 32 Min. 
9 Seconds. 


1329, The Firſt or inmoſt Satellite of Saturn 1s 


13 


30. 


diſtant from Saturn's Centre 432 of a Diameter of 
the Ring: Its periodical Time is 1 Day, 21 
Hours, 18 Min. 27 Seconds. 

The Diſtance of the Second is 1 4 Diameter of 
the Ring: Its periodical Time is 2 Days, 17 
Hours, 41 Min. 22 Seconds. AR 

The Diſtance of the Third is 1 + Diameter of 
the Ring: Its periodical Time is 4 Days, 12 
Hours, 25 Min. 12 Seconds. 

The Diſtance of the Fourth is 4 Diameters of 
the Ring. Its periodical Time is 15 Days, 22 
Hours, 41 Min. 14 Seconds: 

The Diſtance of the Fifth is 12 Diameters of 
the Ring. Its periodical Time is 79 Days, 7 Hours, 
48 Min. 

Concerning the Motion of theſe, as alſo of the 
Satellites of Jupiter about their Axes, we can 

h hitherto 
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hitherto determine nothing certain from Aſtrono- 
mical Obſervations. 

If we take Notice of the Diſtances and periodi- 
cal Times of the Planets, we ſhall find that the 
following Rule holds good in our Syſtem, 2 Og 
ever ſeveral Bodies are mov'd round the ſame 
Point, that is, about the Sun, Saturn, and Jupi- 
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ter; (viz.) the Squares of the periodical Times are to 1331. 


one another, as the Cubes of the mean Diſtances from 
the Centre. 


To give a Notion of the Dimenſions of the 1332. 


Bodies themſelves in our Syſtem, we have laid 
down a Figure in which all the primary Planets 
and Saturn's Ring are deſcribed according to their 
Dimenſions. The Sun, whoſe Magnitude exceeds 
all the reſt, is repreſented by the greateſt Circle, 
whoſe Diameter 1s equal to the Line AB. 

Theſe Dimenſions repreſent the Proportions of 
the Bodies one to another exactly enough, if you 
except the Earth, which, for — Reaſon alread 
mention'd (1312. ), cannot be fo compar'd with 
the other Bodies, as to leave no room to doubt 
what Proportion it Ho to them. 


Zet the Earth's Diameter may be meaſur d, and 1 333. 


contains 3386897 Perches, each of which is 
to 12 Rhynland Feet; but although the Diameters 
of the other Planets may be compar'd together, 
and with the Sun's Diameter, yet it cannot be de- 
termin'd how many Feet they contain, till after 
Obſervations ſhall be made at a proper Time 
to come. 

Of the Bodies that make up the Planetary 8 
ſtem, the Moon only can be compar d to the Eart 
its Diameter being to the Diameter of the Moon, 
as 73 tO 20. 


1334 


The other Secondary Planets are not meaſur d 1335. 


Aſtronomers ; but it cannot be doubted, but that 
ſome of them are bigger than the Earth. ms 
| | eſides 


* 
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Beſides the Bodies already mention'd, there are 
others in the Planetary Syſtem, which are viſible 
for a Time, as they come near the Sun, and then 
recede from it, and become invifible; they are 


1336. calPd Comets. They gppear moſt commonly with 
1337. Tails, and the Tail is always turn'd from the Sun, 


In their Motion they deſcribe Areas by Lines drawn 


to the Centre of the Sun, proportional to the Times, 
as has been ſaid of the Planets (1301. 1323.). 


1338. As to Comets, it is probable that they move in 


ecliptick Orbits that are very eccentrick ; ſo that 
they are inviſible when they are in that Part of 
the Orbit which is moſt diſtant from the Sun; 
which 1s deduc'd from the Periods of ſome of 
them, that have been obſerv*d to be pretty regu- 


1339. lar: And it is plain, from Obſervations, that /ome 


bave deſcril'd in their Motion, Portions of very eccen- 


' prick Ellipſes, in one of whoſe Foci was the Centre 


of the Sun. 

The Notion that we have hitherto given of the 
Planetary Syſtem, is founded upon Aſtronomical 
Obſervations ; and what we have already ſaid, ad- 
mits of no Diſpute among Aſtronomers, if we ex- 
cept what relates to the Elliptick Line and the 
Motion of the Earth. | 

Some affirm that the Orbits of the Planets are 
not Elliptick, but that in their Motion they de- 
ſcribe another Oval: Kepler has deduc'd from Tycho 
Brabe's Obſervations, that theſe Lines are Ellip- 
tick ; and we ſhall ſhew in the following Part, 
that no other Curves can be deſcrib'd by the 
Planets. | 3 

Thoſe that ſay the Earth is at Reſt, have no 
Aſtronomical or Phyſical Argument for a Foun- 
dation of their Opinion, that 1s, they do not rea- 
fon from Phenomena: Neglecting the Simplicity 
of the Syſtem, and the Analogy of the Motions, 


they 


of the Newtonian Philoſophy. 315 


they aſſert that their Opinion is not con to 
Objervations in which they err, as we hall thew 
in the following Part. 


DCA 
Concerning the apparent Motion. 


\ Hoever, after having read the former 
Chapter, looks upon the Heavens, will 
ſcarcely believe that he beholds the Syſtem which 

18 * there; and a more exact Conſidera- 

tion of the heavenly Motions will increaſe his 
Doubt. No Wonder, fince we can obſerve very little 1340. 
in the Heavens but falſe Appearances of Motions. 

The common Obſerver of the Heavens, is a 
Spectator, who thinking himſelf to be at Reſt, is 
carried about by various Motions, and beholds 
Bodies, concerning whoſe Diſtance and Magni- 
rude he makes falſe Judgments. The true Syſtem 
of the World was unknown for many Ages, even 
to the moſt exact Obſervers of the Heavens. 

; But we muſt explain how all Things which are 1341. 
4 obſerv'd in the heavenly Bodies, have Place in the 
n Syſtem that has been explain'd in reſpect of a 

| Spectator upon the Earth; that is, we ſhall de- 
duce the Appearances from the true Motions; 
which cannot be done, unleſs we firſt lay down 
ſome general Things concerning the apparent 
Zi. ß 

It is certain, that we have no Art by which we 
can diſcover true Motion; only the relative Mo- 
tion can be perceiv'd by the Senſes; and it is that 
only concerning which we treated in the former 
Chapter : Who can reaſonably affirm or deny, 
that all the Bodies which are known to us, are 
not carried with a common Motion through the 
unmenſe Spaces? 
| Relative Motion is to be diftinguiſb'd from the ap- 1342. 
parent one; for the apparent Motion is the —_— 
| | | * 
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which appears to be in the Situation of Bodies, 
and depends upon the Change of the Picture in 
the — of the Eye; for Objects have the 
fame apparent Relation to one another, as their 
Repreſentations have in the Eye; — they 

are ſeen, as they are painted in the Eye (999. ). 
— the Change in that Picture from the Motion 
of the Bodies, moſt commonly differs from the 
Change of the Relation between the Bodies them- 


ſelves; as follows from the Formation of that 
Picture. 


1343. The Heavens are nothing but an immenſe Space 
. which cannot be ſeen, and would appear black 
(1154.), if innumerable Rays of Light, flowing 
from the Heavenly Bodies, did not continually pe- 
netrate our Atmoſphere. Moſt of them come to 
us from the Bodies in right Lines; yet a great 
many ſuffer various Reflex1ons in the Atmoſ here, 
and enlighten the whole Atmoſphere ; which is 
the Reaſon that in the Day, Bodies are enlighten'd, 
even without the Reflexion of the Clouds, to 
which the Rays of the Sun cannot come directly. 
Theſe Rays are heterogeneous and white ; for 
there are Bodies 2 hten'd by theſe Rays which 
appear white: theſe Bodies ſeen through 
Priſms at the 1 are tinged with Co- 
jours; which does not happen in an homogeneous 
Colour (1200); alſo a Circle of white Paper, of 
half an Inch Diameter, being put upon black 
Cloth, if it is enlighten'd by theſe Rays, it will 
appear * through the Priſm, and the ſame 
Colours which are obſerv'd (1177.), in the Rays 
of the Sun, are ſeen here in the ſame manner : 
All which Things would not happen, if the Air, 
| as many think, was a blue Liquid; that is, thro? 
g which only the Sun's blue Rays, at leaſt moſtly 
| ſuch, pals. 
| 1344. When we look at the black Sky, the white Ray, 
| befqremention'd, enter our Eyes, whence the blug 
Colour of the Sky ariſes. 
Becauſe 
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Becauſe we are accuſtom'd to ſee a Colout 


where there is a colour'd Object, we alſo refer 
the Colour of the Heavens to an Object; but ſince 
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this is ſeen equally towards all Parts, we conceive 1345. 


a concave ſpherical Surface, in whoſe Centre we are 
placed; we imagine this Surface to be opaque, and 
therefore diſtant from us beyond all vifible Bodies. 

When a Body is between a Plane and the Eye, 
of whoſe Diſtance we cannot judge, the Body ap- 
pears to us to be applied to the Plane, whatſoever 
the Diſtance is between that and the Plane ; for 
there is no Reaſon why the Parts of the Plane 
which are painted at the Sides of the Image of the 
Body in the Eye, ſhould not appear at the fame 
Diſtance with the Body. 


Hence alſo all the celeſtial Bodies (of which the 1346: 


leaſt diſtant from us, (viz.) the Moon is yet fo 
removed, that we can give no Judgment of its 
Diſtance (1018),) are referred to that imaginary 
Sphere about-mention'd ; and they all appear equally 
diſtant, and ſeem to move in the Surface of a concave 
Sphere. So the Moon appears to be amongſt the 
fixed Stars, although its Diſtance bears ſcarcely any 
ſenſible Proportion to the Diſtance of Saturn; and 
the Diſtance even of Saturn itſelf is nothing, com- 
par'd with the immenſe Diſtance of the fixed 
Stars. It is no Wonder therefore that the com- 
mon People know nothing of the Magnitude of 
the cœleſtial Bodies, and the Immenſity of the 
Heavens. 

We deduce from what has been ſaid, how the 
Motion of any Body being given, and the Motion 
of the Earth being known, the apparent Motion 
may be derermin'd. We have ſaid that a Sphere 
is imagin*d beyond the fixed Stars, in whoſe Cen- 
tre is the Spectator (1345): The Orbit of the 
Earth is fo ſmall in reſpect of the Diameter of this 
Sphere, that the Centre of the Sphere is not ſen- 
bly chang'd by the Alteration of the Place of 

the 
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the Spectator, whilſt he is carried along with the 

1347. Earth; wherefore in all the Points of the Earth's 
Surface, and at any Time, the Inhabitants of the 
Earth imagine the ſame Sphere, to which they refer 
the beavenly Bodies, and which hereafter we ſhall 
call the Sphere of the fixed Stars. 

1343. Theſe Things being laid down; if we conceive 
a Line to be drawn through the Earth, and a Body, 
which being continued beyond the Body, cuts the afore- 
ſaid Sphere ; we have a Point, to which the above- 
mention*d Body is referr'd, and which is the appa- 
rent Place of that Body. . 

1349, Whilſt the Body, or the Earth, or both, are 
moved, this Line is moved alſo, and the apparent 
Motion is the Line, which is deſcribd amongſt the 
fixed Stars by the Extremity of the Line above- 
mention'd, which goes through the Earth and the 
Body, whoſe apparent Motion is obſerv' d. 

1350. Therefore the [ame Appearances will follow from 
the Earth's being mov'd out of its Place, as if the 

1 Body had been moved; and the ſame alſo may be de- 
1 duc d from the Motion of both. 
1351. But if the Body and the Earth be ſo mov'd that 
q the Line which paſſes through theſe Bodies be carried 
1 with a parallel Motion, the Body will ſeem to be at 
Reſt among ft the fixed Stars; becauſe, in this Caſe, 
| the Space gone through by the End of the Line 
amongſt the fixed Stars, cannot exceed the Space 
ne by the Earth; but the Line thar 
| is equal to the whole Space which the Earth can 
go through, at ſo great a Diſtance as the fixed 
Stars, is not ſenſible to us. 
1252, From the Motion of the Earth round its Axis 
there is alſo produc'd an ent Motion, which 
will be eaſily deduc'd in its Place from the 
Foundation laid down in this . 
That the apparent Motion differs from the re- 
ative, and is varied by the Motion of the Specta- 
tor, i what Sailors every H AP 


OO 
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CHAP. III. 


Of the Phenomena of the Sun from the 
Motion of the Earth m its Orbit. 


p—_ 7 Y wy = 


, ET the Sun be at 8, and the Earth in its Pk. XV; 
Orbit at T; and let rs be the Sphere off" 

the fixed Stars; the apparent Place of the Sun 

will be at (1348). the Earth is carried 1353. 


in its Orbit from T to t, the Sun ſeems to move, 
and to run through the Arch 37 (1949.), 
which meaſures the Angle r Ss, equal to the Angle 
TS, ſo that the Celerity of the apparent Mo- 
tion of the Sun depends upon the Celerity of the 
angular Motion of the Earth, with reſpect to the 
Centre of the Sun; which Motion encreaſes upon 
a double Account, viz. becauſe of the Diſtance 
from the Sun being leſſen'd, and the Celerity of 
the Earth being encreaſed : Both which Cauſes al- 
ways concur (1301.). Wherefore the Inequality of 1354. 
the apparent Motion of the Sun is ſenſible. In a1355. 
whole Revolution of the Earth, the Sun alſo ſeems to 
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run through a whole Circle. 

t DeriNniTlon I. 

This apparent Way of the Sun is call'd the Eclip- 1356. 

E tick Line. It is the Section of the Sphere of the 

- fixed Stars with the Plane of the Ecliptick, ſup- 

t poſed to be continued to this Sphere. 

1 This Way is divided into 12 equal Parts, each 

| of which contain go Deg. heſe Parts are 
call'd the Signs, and are diſtinguiſh'd by theſe 

s Names; Aries y, Taurus S, Gemini n, Can- 

1 cer &, Leo A, Virgo up, Libra , Scorpius ms 

e Sagittarius 2, Capricorn vs, Aquarius , Piſces x. 
Whence theſe Parts have their Names, we ſhall 

„ explain when we treat of the fixed Stars. | 

. The Sun is longer in geing through the fix firft Signs 1357. 


than the ſix laſt, and the Difference is nine Days. 


— 
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1358. Although a Circle has neither Beginning nor 
End, yet when ſeveral Points muſt be determin'd 
in it, ſome Point muſt be taken as the Beginning ; 
this, in the ecliptick Line is the firſt Point of Aries; 
we ſhall ſhew how it may be determin'd hereafter. 

It is not fixed to one Place amongſt the fix'd 

1359. Stats; therefore the Orbits of the Planets, which alter 

ſo. little, that they may be look'd upon as un- 

changeable (1287.), do not preſerve the ſame 
Situation in reſpect of this Point. 

Derinition II. 
1360. The Diſtance of the Sun from the firſs Point of 
Aries, meaſur d in Conſequentia, is calPd the Sun's 


r 
1361. Longitudes of the other heavenly Bodies are 
meaſur d after the ſame manner in the Ecliptick ; they 
are referr d to this Line, by conceiving a great Circle to 
paſs through the Body, and cut the Ecliptick perpen- 
dicularly; for the Point in which the Ecliptick is 
cut by this Circle, determines the Longitude of 

the Body. 


Dzrinition III. | 

1362. The Diſtance of @ heavenly Body from the Ecliptick, 
is call'd its Latitude. It is meaſur d by an Arch 
of a great Circle, perpendicular to the Ecliptick, 
intercepted between the Body and the Ecliptick. 

Derinition IV. 

1363. F we imagine a Line to go through the Centre of 
the Sphere of the fixed Stars, and perpendicular to the 
Ecliptick, the Points in which this cuts the above- 
- - oak Sphere, are call'd the Poles of the Eclip- 


DeFiniTIoNn V. 

1364. The Zodiact is @ Zone or Girdle which is ima- 
gin d in the Heavens, which the Ecliptick Line cuts 
into two equal Parts, and which on either Side is 
terminated by a Circle parallel to the Ecliptick * 
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and eigbt Degrees diſtant from it. Becauſe of the 
ſmall Inclinations of the Orbits of the Planets, and 
the Moon to the Plane of the Ecliptick, wo Bodies 1365. 
of the Planetary Syſtem appear without the Zodiacł. 
DzrixniTion VI. 

Among theſe, thoſe thit have the ſame Longitude 1366, 
are ſaid 19 be in Conjunction. 
Dterinition VII. 


Thoſe whoſe Longitudes differ 180 Deg. are ſaid to 1 367. 
be in Oppoſetion. 


CHAP. N. 


Of the Phenomena of the inferior Planets 
arifing from the Earth's and their own 
Motions in their Orbits. 


ET S be the Sun, AV Bo the Orbit of an 1362. 
9 inferior Planct. Let T be the Earth in its PH XV. 
Orbit, and a v 6 Part of the Sphere of the fixed T3. * 
Stars; the apparent Place of the Sun is v (1348.). 

It trom the Earth there be drawn to the Orbit of 
the Planet the Tangents T Aa, T Bs, it is evi- 
dent that the Planer, in its apparent Motion, is 

ever remov*d farther from the Sun than the 
Diſtance va, or 96; and that the Planet accom- 
panies it in its apparent Motion round the Earth. 


Derixirtion l. 


The apparent Dilance of a Planet from the Sun is 1399. 
calPd its Elongation, ve or vb is the greateſt Elon- 1379. 
gation : I his varics upon two Accounts, vis. be- 
cauſe the Earth and the Plaret both revolve in 
elliptick Lines (1287.), 

The Planet performs its Motion ſooner than the 
Earth (130;.); therefore in its Motion, it pa ſes be- 1 371. 
tween the Earth and the Sun, and then moves beyond 
the Sun in reſpect of the Harth: So that it is in Con- 
Juuction with the San ia two manners, but never in 
Opr9/ition, | 

* That 
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That we may have an Idea of the apparent 
Motion of the Planet, we muſt conceive the Lines 
TBb, TSv, TAa to move along with the 
Earth; fo that the Points A, V, B, and v, whilſt 
the Earth performs its Revolution, may run thro? 
the Orbit of the Planet, but the Planet, which 
moves ſwifter, paſſes ſucceſſively through theſe 
Points over and over. 

When it is carried in its Orbit from V to D, it 
ſeems to move amongſt the fix*d Stars from v to 4; 
in this Caſe, the apparent Motion is in Antecedentia, 


and the Planet is Retrograde. In D it is ſaid to be 


Srationary; becauſe it appears for ſome time in the 
ſame Place amongſt the fixed Stars: This obtains, 


when the Orbit of the Planet in the Place in 


whitcit the Planet is, is fo inclin'd to the Orbit of 
the Farth, in the Place in which the Earth is, 
that it the Line fd be drawn parallel to the Line 
TD, and at a ſmall Diſtance from it, Da be 
to T' as the Celerity of the Planet in its Orbit, 
% the Celzrity of the Earth; theſe Lines are run 
through in the fame time (58.); and the Line 
which is drawn through the Earth and the Planet 
is carried in a parallel Motion. For which Reaſon 
the apparent Place of the Planet is not chang'd 
(1351T.). 

Between d and B the Orbit of the Planet is more 
inclin*d to the Orbit of the Earth; wherefore the 
Extremity of the Line paſſing through the Earth 
and the Planer, although the Planet moves ſwifter 


than the Earth, is carried in Con/equentia ; towards 


which Part allo the apparent Motion of the Planet is 
directed (1349). Yet ſince the apparent Motion of 
the Sun exceeds the apparent Motion of the Planer, 
the Elongation is encreafed, Which becomes grea- 
teſt when the Planet is at B. Whilſt the Planet 
gocs through the Arch Be, its apparent Motion 
is allo in Conſequentia, and exceeas the apparent 
Motion of the Sun, to which it is coming, 8 

chen 
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then goes beyond it, receding from it, till it 
comes to A. Between A and E the Motion in 
Conſequentia is continued; but the Sun, whoſe ap- 
parent Motion in this Caſe is ſwifter, as has been 
explain*d concerning the Arch 4 B, comes towards 
the Planet, and the Elongation is diminiſh'd. At 
E, in tlie ſame manner as at D, the Planet is Sta- 1375. 
tionary 3 between E and Vit is again Retrograde. 

The Orbit of a Planet 1s inclin'd to the Plane 
of the Ecliptick (1296. 1297.) ; therefore it does 
not appear to move in the Ecliptick Line, but ſometimes 
leſs, ſometimes more diſtant from it, and appears 
to be carried in an irregular Curve, which ſometimes 
cats the Ecliptick. 

Let NVN be the Orbit of a Planet, whoſe Pe XV. 
Nades are N, N; let S be the Sun; T? the Orbit Fs. 3: 
of the Farth in the Plane of the Ecliptick ; the 
Earth T, the Planet V. If VA be imagin'd to 
paſs through the Planet, and to be perpendicular 
to the Plane of the Ecliptick, the Angle VT A, 
or rather the Arch which meaſures it, 1s the Lati- 
rude of the Planet (1362) : This is call'd the Geo- 
centrick Latitude, to diſtinguiſh it from the Lati- 
rude of the Planet feen from the Sun, which is 
call'd the Hiliocentrict Latitude, and is in that Caſe 
the Angle VS A; here we ſpeak of the Geocen- 
trick Latitude, becauſe we examine the Phæno- 
mena as they appear from the Earth. 

I ben a Planet is in the Node, it appears in the 1376. 
E.liptick Line; and the Curve, which is deſcrib'd 
by the Planet, by its apparent Motion in the 
Zodiack, cuts the Ecliptick. Line; as the Planet 1377. 
recedes from the Node, its Latitude is encreaſed, which 
is al/o different, according to the Situation of the 
Earth; lo the Planet remaining at V, the Lati- 
tude is greater, if the Earth be at T, than if it 
was at t. Now if the Earth remaining in its Place, 
we imagine the Planet to be carried from V to v; 
the Angle v T B will be lefs than the Angle VTA 
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upon a double Account, from the Planer coming 
nearer the Node, and the Spectator being mov 
farther off. 

Now, if we conſider that both the Earth and 
the Planet are continually mov'd, we {hall eaſily 
conceive that the Latitude is chang'd every Mo- 
ment from each Cauſe, which ſometimes act con- 
trariwiſe, and ſometimes conſpire in encreaſing and 
diminiſhing the Latitude; whence it neceffarily 
follows that the apparent Motion is per form'd in 
an irregular Curve, which, as was ſaid before, 
cuts the Ecliptick as often as the Planet paſtes 
the Node, that is, twice in each of its Revolu— 
tions. This Curve alſo does not recede from the 
Ecliptic K on either Side, beyond certain Limits in 
the Zodiack. 

We diſcover alſo ſome remarkable Phenomena 
of the inferior Planets by means of the Teleſcope, 
which arc owing to their Opacity. 

Let S be the Sun, I' the Earth, A,B, C, 2, 
D, E, F, V, an inferior Planet,. for Example, 
Venus in its Orbit: This Planet ſhines with Light 
borrowed from the Sun, and that Hemiſphere only 
which is turn'd to the Sun is enlighten'd, the other 
Hemiſphere is inviſible: Therefore that Part only 
of the enlighten'd Hemiſphere which is turn'd to 
the Earth, can be ſeen ö it; in V the Planet 
cannot be ſeen; in v it would appear round, if the 
Sun's Rays did not hinder it from being ſeen. 

Going from V, the Planet continually decreaſes; 
at D it has the Figure d; at e and F it is drawn, as 
it appears at E and F, and continues to decreaſe 
till it vaniſhes at V, and then again encreaſes ſuc- 
ceſſively, changing its Figure, till the whole en- 
lighten'd Hemiſphere be turn'd towards the 
Earth. 

ben the Node is at V, or near it, the Planet 
appears in the very Disk of the Sun, and as it were 
applied to it, and is ob/erv'd as à black Spot oh. 

move 


of the Newtonian Philoſophy. 


moves on the Sun's Surface; in this Caſe, properly 
ſpeaking, we don't fee the Planet, but we per- 
ceive where it intercepts the Sun's Rays. 


The leſs diſtant the Planet is from the Earth, the 1380. 


greater it appears (1019.), and the more lucid; but 
as it comes nearer the Earth, the lucid Part that 
is viſible is leſs, ſo that on one Account the Light 
encreaſes, and on another 1t 1s diminiſhed ; and 
there is 4 Diſtance at which the reflected Light is 


greateſt. 


CHAS. . 


Concerning the Phenomena of the ſuperior 
Planets, ariſing from their Motions and 
the Motion of the Earth in their reſpe- 
ctive Orbits. | 


T HE apparent Motions of the ſuperior Pla- 
nets do in many things agree with what has 
been explain'd in reſpect of the inferior Planets, 


and in many things diſagree. They do not always 1381. 


accompany the Sun, but are often obſerv'd in Oppoſition ; 
but in their Oppoſition (as has been ſaid of the in- 


terior Planets) they do not always ſeem to be carried x 332, : 


in Conſequentia, but often appear Stationary, and 
often Retrograde. 


Let M be a ſuperior Planet, for Example, Mars, 138 3. 
in its Orbit, AT HB the Orbit of the Earth. Plate XV- 
The Periodical Time of the Earth is leſs than R. 5: 


that of Mars (1305.); therefore the Earth in its 
Motion goes between it and the Sun ; in which 
Caſe the Planet appears at F, amongſt the fixed 
Stars oppoſite to the Sun. Through M draw the 
Lines BM, AM, that touch the Earth's Orbit, 
which being continued, go to G and D in the 
Sphere of the fixed Stars. Let us imagine, that 
whilſt the Planet is carried about in its Orbit, thoſe 
Lines are alſo moved; ſo that the Points A and 

Y-3 B in 
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in which the Lines that go through the Planet 
touch the Orbit of the Earth, perform a Revolu- 
tion in the Periodical Time of the Planet. Now 
ſince the Earth revolves faſter, it paſſes through 
the Points A and B in its Motion. In this Motion 
the apparent Place of the Planet ſeen from the 
Earth, is not remov'd from the Place of the 
Planet ſeen from the Sun beyond FD and FG. 
Let T be ſuch a Point in the Orbit of the Earth, 
that the Line m being drawn, may be parallel to 
TM; let T? be to M as the Celerity of the 
Earth is to the Celerity of the Planet; in which 
Caſe theſe ſmall Lines are gone through in the 
ſame Time (58.) ; in the mean while the Planet 
ſeems to be at reſt (1351.), and is ſaid to be Sta- 
tionary. In the ſame manner it is Stationary, 
when the Earth is at H. In the Motion of the 
Earth betwcen T and H, the Planet appears to 
move in Antecedentia from E through F, and is 
ſaid to be Retrograde. Whilſt the Earth goes 
through the reſt of its Orbit, the Planet is direct. 

1334. The Phenomena which relate to the Latitude are 
like thoſe which have been explain d in reſpect to the 
inferior Planets (1375.). 

1385. Jupiter and Saturn encompaſs the Orbit of the 
Earth at a great Diſtance z wherefore almoſt their 
whole Hemiſpheres which are enlighten'd by the 
Sun, are viſible from the Earth; and therefore 
theſe Planers always appear round. 

1386. Becauſe Mars is leſs diſtant, it appears a little 
gibbous, between its Conjunttion and Oppoſition wit 
the Sun, 
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Concerning the Phenomena of the Satel- 
lites, from their Motion in their Orbita, 


where we ſhall ſpeak of the Eclipſes of 
the Sun and Moon. 


HE Satellites of Jupiter and Saturn do al- 1387. 
gd ways accompgny their Primary Planets in their 
Motion, and never appear to recede from them beyond 
certain Limits on either Side, which may be eaſily 
determin*d from their Diſtances from their Primary 
ones; and they are alternately carried in Antece- 
dentia and in Conſequentia. Sometimes all of them 
are on the ſame Side of the Primary Planet, and 
ſometimes the Primary one is obſerv'd to be be- 
tween them; they are all continually in the ſame right 1 388. 
Line, or very little diſtant from it. All which 
Things may be deduced from this, that the Mo- 
tion about the Primary Planets is perform'd in 
Planes that make ſmall Angles with one another, 
and with the Plane of the Ecliptick. 

All zhe Satellites of Saturn or Jupiter are not 1389. 
viſible at the ſame Time; /ometimes they are hid 
by their Primary Planet, and often immerſed in its 
Shadow. 


DEeFiNniTion I. 


Such an Immerſion in the Shadow is call'd an 1390. 
Eclip/e of the Satellite. 

Let S be the Sun; T ? the Orbit of the Earth; PA. XVI. 
T Jupiter; Mm the Orbit of a ſecondary Planet of F. 1. 
Jupiter. Whilſt the Secondary Planet moves from M | 
to n, it undergoes an Eclipſe; and not being en- 
lighten'd by the Sun, becomes inviſible. It the 
Earth be at T, the Immerſion into the Shadow is 
eaſily obſerv'd: On the contrary, the Immerſion 
is more ſenſible, if the Earth he placed ar z. 

3 Amongſt 
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1391. Amongſt the Bodies that accompany Saturn, 
we have faid that there is a Ring (1320.); concern- 
ing which it is to be obſerv'd, that an Obſerver 
upon the Earth never ſees it wider than it is repre- 
ſented in the 14th Plate, and that ſometimes it is 
inviſible ; viz. When the Plane of the Ring, being 
continued, goes through the Earth; for the Thick- 
neſs of the Ring is not ſenſible, The Ring alſo 
is inviſible, when its Plane continued, paſſes be- 
tween the Earth and the Sun; tor then the en- 
lighten'd Surface of the Ring is turn'd from the 
Earth; in each Caſe Saturn appears round, yet 
in the laſt Cafe, by reaſon of the Rays that are 
intercepted by the Ring, there appears a black 
Belt upon the Surface of the Planer, like that 
which is occaſion'd by the Shadow of the Ring. 

The Phznomena of the Earth's Satellite, vig. 
of the Moon, are very remarkable in reſpect to 
us, and therefore particularly to be explain'd. 

1392. 7Ut is very often in Conjunflign with the Sun, and 

as often in Oppoſition to it, but not at every Revo- 

lution of the Moon in its Orbit; for whillt the 
Moon, after one entire Revolution of 27 Days 
and 7 Hours returns again to its Place amongit 
the fixed Stars, in which it was in Conjunction 
with the Sun, the Sun is gone from that Place, 
and is about 27 Deg. diſtant from it (1317. 1353. 
1355). Thereiore the neighbouring Conj;ruttions are 
 twenty-nine Days and a half diſtant from one another, 

Dt FiNITioNn II. 4 


1394. The Lunar Periodical Month, is the Time of one 

Revolution of the Myon in its Orbit. 
DEFINITION III. 

1295, The Mecan't Synodical Month, or à Lunation, 
is the Time that the Moon ſpends between the two 
next Conuntions with the Sun. 

1296. Tie Moon is inviſible in its Conjunftion with thz 

Plz XVI. San; becauſe the enlighten'd Hemiſphere is turn'd 
Fic. 2. | from 
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from the Earth. Let T be the Earth; N the 
Moon between the Sun and the Earth; the en- 
lighten'd Hemiſphere will be ni, which cannot 

be ſeen from the Earth. H/bilft the Moon is car- 1397. 
ried, in its Orbit, from the Conjunction to the Oppo- 
ſition, the enlighten'd Part, which is directed to- 
wards the Sun, does continually become more and more 
v:/ible to the Inhabitants of the Earth; and in the 
Points A, B, C, the Moon does ſucceſſively ac- 

quire the Figures a, b,c. At P, in its Oppoſition 1398. 
with the Sun, it appears round; then going through 

D, E, F, it decreaſes, as it is repreſented at d, e, f. 
DErixNITION IV. 


The Conjunttion of the Moon with the Sun, is call d 1399. 
the New Moon. 5 
Alfter the Cor inction, the Moon is as it wer 
rencwed. 

DEFINITION V. 

The Oppoſition of the Moon with the Sun is call d 1400. 
the Fuil Moon, becauſe the whole Moon appears 
enligbten'd. 

DeriniTIon VI. 

The Conjunction and Oppoſition of a Satellite with 1401. 

the Sun are called by the common Name of Syzy- 

tes. 

: At A and F, the dark part of the Moon is a 1402. 
little enlightened by the Rays that are reflected 
from the Earth; and therefore it is ſeen by a Specta- 
tor to whom the Sun is not viſible, that is, in the 
firſt Caſe, after the Setting of the Sun, and in the 
iecond, before its Riſing. 

DEFINITION VII. 


l ben the Light of the Sun is intercepted by the 1403. 
Moon, ſo that in reſpect of any Obſerver upon the 
Earth, the Sun is partly or wholly covered, the Sun is 

{aid ta undergo an Eclipſe, 


Properly 
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Properly ſpeaking, this is an Eclipſe of the 
Earth, on whoſe Surface the Shadow or Pen- 
numbra of the Moon falls. 

DERTINITION VIII. 

1404. An Eclipſe of the Moon is the Obſcuration of the 
Moon by the Shadow of the Earth. 

1405. The Felipſe of the Sun is never obſerved except at 
the Time of the New Moon. 

1400. The Moon is never eclipſed but at the Time of the 
Full Moon. 

1407. Yet the Luminaries are not eclipſed at every 
one of the Syzygies, becauſe rhe Moon does not 
move in the Plane of the Ecliptick (1326.), in 
which the Sun and Earth always are; wherefore, 
upon Account of the Moon's Latitude, its Sha- 
dow, at the New Moon, often does not touch the 
Earth; and it ſelf at the Full Moon paſles beſide 
the Shadow of the Earth. ; 

1408. But when the Moon has no Latitude, or but 
very little, that is, when it 7s in a Node, or near 
it, at its Syzygies, an Eclipſe is obſerved; in that 
Caſe the Moon appears to be in the Ecliptick, or 
very near it, and this it is that has given the 
Name to that Line. 

Pla. XVI. That what relates to the Eclipſe of the Moon 

Fe. 3. may appear the more plainly, let OO be the Way 
of the Moon, R R the Plane of the Ecliptick; the 
Centre of the Earth's Shadow is always in it (1297. 
1296.) ; N is the Node of the Moon's Orbit. 

If the Centre of the Earth's Shadow be at A, 
the Moon that goes by F will not be darkened. 

0g. If rhe Moon be lels diſtant from the Node at 

| the Full Moon, as at G, the Shadow of the Earth 
is at B, and the Moon is darkened in part; this 1s 
called a partial Eclipſe. 

2410. If, ſuppoſing the Shadow at D, the Moon be 
Full, the Moon will be wholly darkened at I; it runs 
into the Shadow at L, and goes out of it at H,; 
and the Eclipſe is ſaid to be total. 

2 Tie 
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The Eclipſe is ſaid to be Central, when the Centre 1411. 
of the Moon goes through the Centre of the Shadow, 
which only happens in the very Node N. 

We have hitherto ſpoken of the Shadow of the 
Earth; becauſe when we mention the Earth, we 
underſtand its Atmoſphere, which is joined to it, 
of which we have ſpoken elſewhere (618.). The1412. 
Shadow of the Atmoſphere, is properly conſidered in 
Lunar Eclipſes; for the Shadow of the Earth itſelf 
does not reach the Moon. 

Let T be the Earth, and the Atmoſphere about Pl. XVII. 
it FDGGDF. The Sun's Rays BD, BDF. . 
couching the Atmoſphere, go ſtreight on, and 
terminate the Shadow of the Atmoſphere, out 
of which if the Moon be, it is immediately en- 
ſightened by the Sun's Rays, but it is not en- 
iightened in the ſame manner all the while it is be- 
tween BD and BD. 

The Rays which enter the Atmoſphere obliquely are 1413. 
refracted (899); and as they come towards the 
Farth they continually penetrate into a Medium 
which is denſer and denſer (632. 627); and there- 
fore are every Moment inflected and move in Curves 
(907). So the Rays EF, EF, penetrate the 
Atmoſphere in the Curves FG, FG, that touch 
the Earth. All the Light between EF, EF, is 
intercepted by the Earth, and the Rays GA, 

G A, terminate the Earth's Shadow. 

But the Light between E F and BD, being re- 
fracted by the Atmoſphere, is ſcattered between 
GA and BD continued; and beyond A, the 
Point of the Earth's Shadow, the Lights that 
come from all Parts are confounded, but are con- 
tinually weaker and weaker the farther from the 
Earth : So that the Shadow of the Atmoſphere is 1414. 
not a perfect Shadow, but a weak Light, whereby 
the Moon is viſible in an Eclipſe. 

The Shadow of the Atmoſphere is Conical, becauſe 1415. 
the Sun's Diameter is greater than the Diameter 


of 
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of the Atmoſphere, which is ſcarce bigger than 
that of the Earth ; and this Cone does not reach 
quite to Mars, as appears from immediate Obſer- 
vations; but the Shadow of the Diameter, in the 
Place where it 1s cut by the Moon's Orbit, is 
icarce one Fourth leſs than the Diameter of the 
Earth. 

With the ſame Reaſoning that we have proved 
that the Moon comes into the Shadow ' of the 
Armoſphere, when the Moon in its Full is in the 
Node or near the Node, it is alſo proved, that the 


1416. Moon's Shadow falls upon the Earth at the New 


Pla. XVI. 


Fig. 4. 


1417. 


1418. 


Moon, when the Moon is in the Node, or near the 
Node; therefore in that Caſe the Sun undergoes an 


. Eclipſe ; concerning which, ſeveral Things are ta 


be obſerved. 

Let S be the Sun, T the Moon; let the Sha- 
dow of it fall upon any Plane GH. This Sha- 
dow is encompaſſed with a Penumbra ; for beyond 
L and E that Plane is enlightened by one entire 
Hemiſphere of the Sun ; as you go from L to H, 
and from E to G, the Light is continually dimi- 
niſhed, and near G and H the Rays came to the 
N only from a ſmall Part of the Sun's Sur- 
ace. 


Dzer:niTION IX. 
This diminiſhed Light, which encompaſſes the Sha- 
dew GH every way, is call'd the Penumbra. 
In the Eclipje of the Moon, the Shadow of the 
Earth is encompaſſed with the like Penumbra, but 
this 15 only ſenfible near the Shadow, and there- 


1419. fore has but a ſmall Breadth;, if an Obſerver be 


PREP upon a Plane upon which the Shadow falls, 

e may ob/erve the whole Penumbra ; as is the Caſe 

in the Eclipſe of the Sun. An Obſerver at I or F 

can only ſce the Semidiameter of the Sun, the reſt 

of the Diameter is hid by the Moon; and going 

Irom L cowards H, the Sun is continually _ 
| an 


and more hid by the Moon, till it becomes wholly 
inviſible in the Shadow itſelf. 

Hence it follows, that there is a ſolar Eclipſe, 1420. 
though the Shadow of the Moon does not touch the 
Earth, provided the Penumbra comes to its Surface, 

And alſo, that the Eclipſe is not obſerved in all the 1421. 
Places in which the Sun is viſible ; and that it is diffe- 

rent, according as the Shadow, or a different Part 1422. 
of the Penumbra, goes through the Place, in the 
Places in which it is obſerved. 

But the Eclipſe of the Moon is every where the 1423. 
fame, where the Moon is viſible, during the Eclipſe. 

But when the Shadow itſelf of the Moon falls apon 1423. | 
the Earth, the Sun's Eclipſe is ſaid to be total; if | 
valy the Penumbra reaches the Earth, it is ſaid to be 

| 
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partial; and this is what happens when we con- 
lider an Eclipſe in general. 

But as to particular Places, it is /aid to be total in 1425 
thoſe Places where the Shadow paſſes; central, in 
thoſe where the Centre of the Shadow paſſes, that 
is, where the Centre of the Moon covers the Sun's 
Centre; and laſtly, partial, where the Penumbra 
only goes by. 

The wider the Shadow G II is, the more Places is 1426. 
the Eclipſe of the Sun total in, and the longer is the 
Sun wholly obſcur d. But the Breadth of the Shadow 
is different according to the different Diſtance of 
the Moon from the Earth, and of the Earth from 
the Sun. - 

If there be an Eclipſe of the Moon, ſuppoſing the 1427. 
Earth in the Peribelion, and the Moon in the Apo- 
gæum, that is, at the greateſt Diſtance from the 
Earth, the Shadow of the Moon does not reach the 
Earth ; and the Moon does not cover the whole Sun ; 
ſuch an one is called an Aunuiar Eclipſe. 
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1430. 


1431. 


1432. 


An EXPLANATION 


C HAF. VI. 


Of the Phenomena ariſing from the Motion 


of the Sun, the Planets, and the Moon, 
about their Axes. 


HE Sun's Motion about its Axis is ſenſible, by 

obſerving the Spois which are obſerved very 
often upon the Sun's Surface; theſe Spots ſeem to 
change their Figure and Situation every Day, and 
ſometimes to move ſwifter, ſometimes flower ; ail 
which Things may be eaſily deduced from the 
Motion of a ſpherical Surface; and the Sun, which, 
if it was not moved by ſuch a Motion, would 
only once in a Year ſucceſſively turn its whole 
Surface to the Earth, now ſhews it to the Inhabi- 
rants of the Earth in leſs than the Space of one 
Month. 

Such like Phenomena ariſe from the Rotation of 
Jupiter, Mars, and Venus, about their Axis, which 
Motions become ſenſible, by obſerviag the Spots in the 
Surface of the Planets. 

Whilſt the Earth is moved round its Axis, the 
Obſerver, who is carried round, imagines himſelf 


to be at Reſt, and all the heavenly Bodies to be in 
Motion. 


DeriNxtTION l. 

Tie Points in which the Axis of the Earth, being 
continued both Ways, touches the Sphere of the fixed 
Stars, are called the Poles of the NM orld. 

DETINITITION II. 


The apparent Motion, ariſing from the Motion of 


the Earth about its Axis, is called the Diurnal 
Motion. 


DEriIxITION III. 


A Plane is conceived to paſs through the Centre of 
the Earth, perpendicular to its Axis, and continued 
ever) 
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very IVay, and the Circle in which it cuts the Sphere 

of the fixed Stars, 1s called the Celeſtial Equator. 

n the Motion of the Earth round the Sun, the 1433. 
Equator is moved; but fince the Plane of this 

Circle is (1309.) carried by a parallel Motion, he 
Celr/iial Equator is not moved (1351.). 


DrriIxNITION IV. 


Circles whoſe Planes go through the Axis of the 1434. 
Earth, are called Meridians. 

They all paſs through the Poles of the World, and 1435. 
are perpendicular to the Equator. 


DRFINITION V. 


The Arch of auy Meridian, which is intercepted 1436. 
between the Equator and a Star, is called the Decli- 


Let an Obſerver be upon the Earth T, who PI. XVI. 
directs his Sight along T A; after a little Time, #2: 5. 
when the Line T A ſhall be carried by the Motion 
of the Earth to Ta, if the Spectator directs his 
Sight through the ſame Lines, the Body A will 
appear to have been carried through the Arch @ A; 
but when the Line has return'd to its former Situ- 
ation T A, the Body will ſeem to have perform'd 
one whole Revolution. But if he directs his Sight 
long the Axis of the Earth produced, becauſe 
chat is at Reſt, the Body which is ſeen in the Axis 
will appear not to have moved; therefore zz the 
Poles of the World the diurnal Motion is not obſerved 
(1431.), but that Bodies which are near the Poles 1437 
are moved round them is plain; and that the Body 
by its diurnal Motion deſcribes ſo much a greater 
Circle round the immoveable Pole, as it is farther 
diſtant from it. Therefore the whole Sphere of the 1438. 
fixed Stars ſeems to revolve about the Axis of the 
Earth continued, in that Time in which the Earth 
really turns about its Axis, Therefore the diurnal 
Motion is common to all Cœleſtial Bodies, ex- 
cept ſo far as it is diſturbed by the Motions above- 
mentioned, 

The 
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1439. 
1440. 


1441. 


An EXPLANATION 
The Equator is equally nt from both Poles, 


and divides the Heavens into two Hemipheres, 
whoſe middle Points are tlic Polos, which there. 
fore are equally diſtant from the i-ver:l Pun of 
the Equator; therefore the heaven'y Budirs wh 
are in the Equator, by their diurnal Motion fe 
to deſcribe the Equator itſelf, the greateſt Circle of 
all that can be deſcribed by the diurnal Motion ; 
the other Bodies deſcribe Circles parallel to the 
Equator. 

The Axis of the Earth is inclined to the Plane 
of the Ecliptick in an Angle of 66 D-g. 31. Man. 
(1317.); the Poles of the World theretore are diſtant 


from the Poles of the Ecliptice 23 Deg. 29 Min. and 


1442. 


1443. 


1444. 


1445. 


1446 


the Plane of the Equator makes an Angle with the 
Plane of the Ecliptict of 23 Deg. 29 Min, Both 
Planes paſs through the Centre of the Earth ; but 
ſince this may be looked upon as the Centre of 
the fixed Stars (1347. 1345.) it follows, that the 
Equator and the Ecliptick Line are great Circles, 
which are inclin'd to each other, and cut one anu- 
ther in two oppoſite Points, in the Beginning of Aries, 
and the Beginning of Libra; which Points, in the 
Way of the Sun, are determined by theſe Inter- 
ſections. (1356.). 

l ben the Sun is in thoſe Points, it ſeems to de- 
ſcribe the Equator by its diurnal Motion (14439) ; 
Then it is carried about in the Ecliptick by its appa- 
rent Motion it continually recedes more and more 
from the Equator, and its Declination is encreaſed, 
and it deſcribes leſs Circles every Day (1440), fill it 
cemes to its greateſt Diſtance from the Equator, 
which is 23 Deg. 29 Min. (1441) ; then it comes 
back to the Equator again, and goes beyond it alſo 23 
Deg. 29 Min. advancing towards the oppoſite Pole, 

DEFINITION VI. 


Thoſe Circles, deſcribed by the Sun in its diurnal 
Motion, which are moſt diſtant from the Equator, 
that 
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that is, 23 Deg. 29 Min. are called the Tropicks. 

One touches the Ecliptick Line in the firſt Degree 
of Cancer, and is called the Tropick of Cancer; 
the other is called the Tropick of Capricorn, and 
paſſes through the firſt Point of the Sign Capri- 
corn, and there touches the Ecliptick Line. 


DEriINITION VII. 


The Pole of the World which is next to the Tropick 1447. 
of Cancer, 5 call'd the Arctick Pole, and alſo the 
North Pole; the oppoſite is called the Antarctick, 
and alſo the South Pole. 

Der iniTion VIII. 


The Circles that are deſcribed in the diurnal Mo- 1448. 
tion by tlie Poles of the Ecliptick, that is, by the 
Points which are diſtant from the Poles of the World 
23 Deg. 29 Min. are called the Polar Circles. 

The Arctick Polar Circle is that which ſur- 
rounds the Arctick Pole; the other oppoſite one 
borrows its Name from the Antarctick Pole. 

There remains to be explained the Moon's Mo- 1449. 
tion about its Axis, whoſe Effect is, that the ſame 
Face of the Moon is always turned towards the 
Earth, 

Let the Moon be at N, the Face which is Plz. XVI. 
turned to the Earth is mai If the Moon did not N 2. 
turn about its Axis, and all its Points were car- 

ried through paralle] Lines, the Line mz would 
coincide with the Line In in the Situation of the 
Moon at B, and the aforeſaid Hemiſphere mn # 
would be at lun; but becauſe whilſt the Moon 
deſcribes a fourth Part of its Orbit, it performs 
likewiſe + of its Revolution round its Axis, the 
Face which would be at Inn, is now at mn!, that 
is again turned to the Earth. After the ſame man- 
ner it is proved that this ſame Face mn, when 7 
the Moon is at P, is ſeen by an Obſerver on the | 
Earth, and that it is turned towards the Earth at 


E: as alſo in all other Points of the Moon's Orbit. 
Z Ths 
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The Axis of th: 3{oon is not perpendicular to the 
Plane of its Orbit, but à little inclined to it: The 
Axis keeps its Paralleliſm in its Motion round the 
Earth, as has been faid of the Primary Planers 
(130g); therefore it changes its Situation in reſpect 
of an Obſerver on the Earth, to whom ſometimes 
one, ſometimes the other Pole of the Moon is 
viſible; whence it /eems to be agitated by a ſort of 
libratory Motion. There is another libratory Mo- 
tion obſerved in the Moon; the Motion about 
the Axis is equable, and it is carried in its Orbit 
with an unequal Velocity (1323. 1324.) ; there- 
tore when the Moon is at its Perigæum, that 1s, at 
its leaſt Diſtance from the Earth where it is moved 
the ſwiſteſt in its Orbit (1323), that Part of the 
Surface which, becauſe of its Motion in the Orbit, 
would be turned towards the Earth, is not wholly 
turned from it on Account of 1ts Motion round its 
Axis: Therefore ſome Part of the Surface of the 
Moon which before was not viſible, is fern at the 
Side; which when the Moon is at its Apogeum, is 
gain inviſible, 


CHAP. VIE 


Of the Phenomena which relate to the Sur- 
face of the Earth, and its particular 
Parts. | 

WV have explained the Cœleſtial Phænomena 

hitherto examined, by conſidering the 

Spectator as carried about by thoſe Motions where- 

with the Earth is really moved. Now we ſhall 

conſider him as placed upon the Surface of the 

Earth, and carried trom one Place to another 

upon it. 

The firſt Phænomenon to be here obſerved is, 


that by Reaſan of the Inter poſition of the Earth, one 


half of the Heavens is inviſible to the Obſerver who 
is placed upon the Surface of the Earth, 
DeriN1iTiON 
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Dzrixni1Tion l. 

That Circle in the Hleaveus whith ſeparates the 1453. 
viſible (um the invifible Part, when the Rays are 

rot intercepted hy the Inequalities of the Earth's 
Suria't, ci the Horizon. 

When the Height to which the Spectator can 
be raiſed above the Surface of the Earth, is very 
ſimll, compared with the Semidiameter of the 
Farth; the Eye of the Spectator may be looked 
upon as placed in the Surface itſelf. 

Let the Earth be T, and the Obſerver at 8, Pa. XVI. 
and PE pe the Sphere of the fixed Stars; if you s. © 
conceive a Plane at H H to touch the Earth and 
go through 8, it will be the Plane of the Horizon, 
whole 8 ction with the Sphere of the fixed Stars 
15 the Horizon. A Plane as bh, 18 conceived to 
go through the Centre of the Earth, parallel to 
III, the Diſtance Il is inſenſible, by Reaſon of 
the immenſe Diſtance of the fixed Stars; therefore 
the Section of that Plane, with the Sphere above- 
mentioned, may be taken for the Horizon HH 
(1258). 

DeriniTion II. 

The Aſcent of the Stars above the Horizon, is1454. 

called their Riſing. | 
Dzrinirtion III. 

The Deſcent below the Horizon, is called the Set- 455. 
ting of the Stars. 

DerixNiTioNn IV. 

If we conceive a Line drawn through the Obſerver 1456. 
and the Centre of the Earth, which mult neceſſarily 
be perpendicular to the Horizon, it will reach the 
Point J among the fixed Stars, which is called the 
Zenith. . | 

DzeFriniTion V. | 
The Point N, oppoſite to it, is called the Nadir. 1457. 


- 
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DeriniTion VI. 

1458. The Section which a Plane of a Meridian, that 
goes through the Obſerver, makes with the Horizon, 
is called the Meridian Line, and is directed from 
North to South. 

DeFiniTion VII. 

1459. The Eaſtern Part of the Heavens is that, from 
which we ſee the Bodies riſe above the Horizon; and 
the Eaſt Point is that in which a Line directed Eaſt- 
wards perpendicular to the Meridian Line, and going 
through the Obſerver, cuts the Sphere of the fixed 
Stars. 

DezeriniTion VIII. 


1460. The Point oppoſite to this is called the Neſt Point, 
and the Weſtern Part of the Heavens is oppoſite to 
the Eaſtern Part. 

DeriniTion IX. 


1461. The Amplitude is an Arch of the Horizon, which 
ig contained between the Eaſt or Weſt Point, and the 
Point in which the Star riſes or ſets. The Firſt is 
called the Riſing, and the other the Setting Am- 
plitude; and each is either Northern or Southern 
Amplitude. 


DEeFiniTion X. 
1462, The Height or Altitude of a Star above the Hori- 


Zon, is the Arch of a Circle perpendicular to the 
Horizon, in whoſe Centre the Spectator is terminated 
by the Horizon and the Star. 

1463. When Bodies are remote, the Altitude does not 
ſenſibly differ, whether the Spectator be upon the 
Surface of the Earth or in the Centre of it. Bodies 


at leſſer Diſtances appear higher when the Specta- 
tor is in the Centre. 


DERTINITION XI. 
1464. The Difference of the Height of a Star, according 
to the different Poſition of the Obſerver, as be is ſup- 
| poſed 
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poſed in the Centre, or on the Surface of the Earth, 
is called the Parallax of the Star. 

There is only the Parallax of the Moon which can 1465. 
be determined by Obſervations : The Diſtance of the 
reſt of the Bodies in the Planetary Syſtem is too 
great to be compared with the Semidiameter of 
the Earth; and the Parallax depends upon the 
Ratio which the Semidiameter of the Earth has 
to the Diſtance of a Planet; therefore even the 1466. 
Parallax of Mars in Oppoſition with the Sun, is too 
[mall for the niceſt Obſervations. 

Where there is a Parallax, it diminiſhes as a Body 1467. 
aſcends above the Horizon, and vaniſbes in the 
Zenith. 

The apparent Height of the Stars is alſo changed 
upon another Account, which equally affects all 
the heavenly Bodies. The Rays are inflefted by 1468. 
the Refrattion of the Atmoſphere (1413.), and the 1 469. 
Stars appear higher than they are (907); yet the 
higher they are, the leſs is that Infleftion (917) ; be- 1470, 
cauſe the Rays fall leſs obliquely on the Surface of 
the Atmoſphere. In the Zenith there is no Refra- 
ion (912); even at the Diſtance of twenty or 
thirty Degrees from the Zenith it is not ſenfible, | 

Since the Stars are raiſed by this Refraction, they 1471. 
are viſible before they come ts the Horizon. 

All theſe Things relate to the Surface of the Pa. XVI. 
Earth in general; now we muſt examine the ſeve- IB. 9. 
ral Parts of it; theſe are determined, by referring 
to the Earth the ſeveral Circles which we have 
before conſidered in the Heavens; ſo on the Earth 1472. 
we conſider the Equator, the Meridians, the Tropicks, 
and Polar Circles; and theſe Circles divide the 
Surface of the Earth in the ſame Manner as the 
Sphere of the fixed Stars 1s divided by the Circles 
in the Heavens : And therefore the Circles in the 
Heavens, and thoſe upon the Earth do fo mutually 
correſpond with each other, that a Line being 
drawn from the Centre of the Earth to a Circle in 
* 7 the 
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the Heavens, will go through the ſame Circle 
in the Earth. If the Poles are P, p, the Equator 
will be Ee; the Tropicks T I, tt, and the Polar 
Circles AA, aa. 


DeriniTioNn XII. 


1473. The Meridian which goes through a Place, is 
called the Meridian of the Place. 

1474. The Plane of it is perpendicular to the Horizon; 
becauſe it goes through the Centre of the Earth, 
and the Oblcrver. 

1475. A4 Meridian Line drawn ia any Place, is part of 
the Meridian of the Place (1458). 


DrriIixNITION XIII. 


1476. The Latitude of a Place is its Dil unce from the 
Equator, that is, the Arch interce pted between 
that Place and the Equator. 


DzricviTion XIV. 


1477. Circles parallel to the Equator, are called Circles of 
Latitude, as Bo. 
1478. By determining the Latitude of the Place, we 
determine the Circle of Latitude, which goes 
through the Place; now to determine the Situa- 
tion of ſ-veral Places in reſpect of each other, wc 
muſt determine Places upon the fevcral Circles, 
which is done, by ſuppoſing a Meridian to pass 
through any remarkable Place, Wich, by its 
Sc ction, determines a Point upon each Circle of 
atitude, from which the Diſtances ut Places are 
meaſured. 
DrrivniTion XV. 
1479. Toe Acridian above-mentioned, taken at Pleaſure, 
rs called the irt Meridian. 
D rfINITIOoN XVI. 
1490. The Diſtance of a luce from the firſt Meridian, 
mo4a/ured on a Circle of Latitude that £oes through 4 
Place, is called the Longitude of the Place. 


Aſtronomers 
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Aſtronomers refer every Thing to the Meridian of 1481, 

the Place, in which they make their Obſervations. 

| In explaining the Phænomena which relate to 
the ſeveral Parts of the Surface of the Earth, we 
ſhall conſider the Obſerver going from the Pole 
to the Equator 3 and firſt only take Notice of the 
diurnal Motion. 

When the Spectator is at 8, in the very Pole of 1482. 
the Earth T, the Cœleſtial Equator Ee, coincdes Pla. XVI. 
with the Horizon, and the Pole of the World PFS. 5. 
1s in the Zenith; in that Caſe, becauſe the Circles 
which are parallel to the Horizon are alſo parallel 
to the Equator, all the heavenly Bodies appear 
co be carried by a Motion parallel to the Hori- 
zon (1440), in Circles which are repreſented b 
che Lines Aa, Bb, the heavenly Bodies in the Hle- 
miſphere E Pe never ſet, and the others are never | 
viſible, the Horizon in this Situation is ſaid to be 1483. f 
parallel, or this Situation is called a parallel Sphere. 

[f an Obſerver upon the Earth T recedes from 1484. | 
the Pole, and is at S, the Horizon is ſaid to be Pla. XVI. | 
oblique, or the Sphere is oblique; then the Axis Pp — 
is inclined to the Horizon Hh, and ſo much the 
more, as the Obſerver is farther from the Pole. 


DEriINITION XVII. 


The Angle which the Axis of the Earth makes 1485. 
with the Horizon, is called the Fleight of the Pole | 
(1462.). 

This [eight of the Pole is equal to the Latitude. 1486. 

The Height of the Pole is the Angle PT, whole 
Meaſure is the Arch Ph; the Latitude is mea- 
tured by an Arch, which upon the Earth cor- 
reſponds to the Arch Z E in the Heavens. (1470.). 
But it is equal to the Arch PV ror the Complement 
of each of them to a Quarter of a Circle is the 
Arch Z P. 4 
u this Poſition of the Obſerver, becauſe the 1487 
Equator is inclined to the Horizon, all the hea- 
cal) Bodies are carried by the diurnal Motion in Cir- 
2 4 cles 


34i An EXPLANATION 


cles inclined to the Horizon, repreſented by the Lines 
Aa, Bb (1440.). 

1488. Some of the heavenly Bodies riſe and ſet at every 
Revolution of the Earth; viz. thoſe which are be- 
tween the Parallels to the Equator B, and 51; 
becauſe all the Parallels between thoſc two are cut 
by the Horizon. | 

The Planes of the Equator and the Horizon 
through the Centre of the Earth ; therefore 
theſe Circles cut one another mutually into two 
equal Parts, and half of the Equator is above the 

1489. Horizon; therefore the heavenly Bodies which are 
in the Equator are above the Horizon, during half a 
Revolution of the Earth about its Axis (1439.); and 
on Account of the Equability of the Motion about 
the Axis, are inviſible during an equal Time. | 

1490. Theſe alſo Riſe due Eaſt, and Set due Weſt (that 
ie, in the very Points of the Eaſt and Weſt;) for 
the Section of the Planes of the Equator and the 
Horizon, 1s perpendicular to a Place perpendi- 
cular to both theſe Planes; and this laſt Plane is 
the Plane of the Meridian of the Place (1435. 
1474.). Wherefore the above-mentioned Section 
is perpendicular to the Meridian Line (1475), and 
conſequently goes through the Eaſt and Welt 

| Points (1459. 1460.). 

1491. Bodies between the Equator aud a Parallel B &, 
which touches the Horizon, as in the Circle Aa, 
continue longer above, than below the Horizon; and 
this Difference is ſo much the greater, the more the Cir- 
cle A a approaches that Pole which is above the 

1492. Horizon. On the contrary, as the Body goes lo- 
wards the oppoſite Pole, its Time of continuance above 
the Horizon is the longer. 

1493. This Inequality of the Time that a Body is above 
and below the Horizon encreaſes, as the Height of the 
Pole does, becauſe of the Diminution of the Angle 
made with the Horizon by the Equator and its 
Parallels. 
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Bodies whoſe Diſtance from the Pole is equal to the 1494. 
Height of it, never ſet ; for ſuch is the Diſtance of 
the Circle Bh, which touches the Horizon, but 
has no part of it below the Horizon. Bodies leſs 
diſtant from the Pole, do not ſo much as come to the 
Horizon. 

It appears by the ſame Reaſoning, that Bodies 1495. 
whoſe Diſtance from the oppoſite Pole does not exceed þ 
the Height of the Pole, never riſe above the Hori- | 
zon, and are always invi/ible. - | 


[ 
Bodies whoſe Diſtance E Z from the Equator is equal 1496. 
to the Height of the Pole, go through the Zenith Z; 
for EZ is equal to the Latitude of the Place to | | 
which the Height of the Pole is equal (1486.). 
Hhen a Spettator S has receded as far as he can 1497. | 
from the Pole, he comes to the Equator, whoſe PL. XVI. ; 
Points are equally diſtant from each Pole (1432.55 2 
1472.); then the Axis Pp is in the Horizon, 
with which the Equator makes a right Angle 1 
(1432. 1472.); for which Reaſon the Horizon is | 
ſaid to be Right; or this is called a Right Sphere. j 
The Horizon cuts into two equal Parts all the | 
Circles that are parallel ro the Equator, which | 
are repreſented by the Lines Aa, Bb; therefore 
all the heavenly Bodies, at every Revolution of the | 498. h 
Earth, riſe and ſet, and are viſible aud inviſible f 
during equal Times. | J 
The Equator itſelf goes through the Zenith, and 1499. | 
therefore all the Bodies that are in it paſs through it 
al/o. | 
If what we have explained concerning the diur- 1500. | 
nal Motion be applied to the Bodies, of whole | 
other apparent Motions we have ſpoken before, 


the Phenomena will be eaſily determined from the | 
Motions joined together; thoſe that relate to the _ 
dun are more remarkable than the reſt, and there- | 
fore more particularly to be explained. | 
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DzFixniTion XVIII. 


Ne call -a natural Day the Time elapſed between 
the Receſs of the Sun from the Meridian of a Place, 
and its next Return to the ſame Meridian. 

This Day differs from the Time of the Revolution 
of the Earih ahout its Axis; which Time would 
be equal if the Sun appeared immoveable amongſt 
the fixed Stars; but whilit by the diurnal Motion, 
in the Time of one Revolution of the Earth about 
its Axis, the Sun is carried round from Eaſt 10 
Weſt, that is, in Autecedentia (1438.), it is cat- 
ried by a contrary Motion in the Ecliptick, 
(1353.). whereby it comes later to the Meridian. 

But as the Sun does not every Day go through 
an equal Space in the Ecliptick (1354.), all the 
natural Days do not equally exceed the Revolu- 
tion of the Earth about its Axis; therefore thelc 
Days are unequal to one another. 

Natural Days are uncqual alſo upon another 
Account, namely, by Reaſon of the Inclination of 
the Ecliptick in Reſpect to the Equator; whence: 
it follows, that the annual Courſe of the Sun is 
unequally inclined to the Equator in ditferent 
Points; and though the Sun ſhould equally go 
forward every Day in the Ecliptick, the natural 
Days would not equally exceed the Time of the 
Revolution about the Axis; for if the Motion of 


the Sun be reſolved into two Motions (383.), ol 


which the one 15 parallel ro the Equator, and the 
other perpendicular to it, the firſt is only to be 
conſidered in determining the Excets above-men- 
tioned, and that it is unequal, is plain from the 
different Inclination above-mentioned, 
Theſe two Cauſcs of Incquality often concur, 
and often act contrariwiſe. 
Exer) natural Day is divided into twenty-four 
equal Paits, which are called Iluurs. Each Hour is 
divides 
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divided into ſixty Minutes; and each Minute into 
ſixty Seconds; and ſo on. 

That the/e Parts of Time vary in different Days, 1506. 
appears plainly from what has been ſaid (1503); 
they are by Aſtronomers reduced to Equality, by 
conſidering the Number of Hours in one or 
more Revolutions of the Sun in the Ecliptick, and 
dividing the whole Time into as many equal Parts 
as there are Hours, Twenty-four of which are ta- 
ken for one Day. 


DzriniTIon XIX, and XX. 


The Time, whoſe Parts are by this Method re- 1 507. 
luced to Equality, is called the mean Time, and that 
R-duttion is called the Equation of Time. 

II/e always make uſe of the Days and Hours of the x 508, 
mou Time in determining the Periods of the heaventy 
11011085, 

DErINITION XXI. | 

The artificial Day is the Time that the Sun flays 1 509. 
ae the Florizon. 

We always ſpeak of it when we mention Day 
n Oppoſition to Night. In determining the Length 15 10. 
of aiirficial Days, we ſhall not attend to the Equa- 
itn of Time. 

The Crepuſculum always comes before the Sun's x 511. 
Hiſiug, and follows its Setting: This is that dim 
Linht which we commonly call Morning and Evening 
Twitiabt, 

The Twilight is produced by the Atmoſphere, which 1512. 
is enlightened by the Sun's Rays, and whoſe Particles 
ect the Light every way; from whence ſome 
Rays come /o us, though the Sun be depreſſed eighteen 
Degrees below the Hlortzon. 

In the right Sphere, that is, to all thoſe that 1313. 
dwell under the Equator (1497.), the Days and 
Nights are equal to one another all the Year round 
(1498,), and are of twelve Hours (1 505.) Length. 

"a 
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In the oblique Sphere the Days are longer or ſbarter, 
according to the different Diſtance of the Sun from the 
Equator towards either Pole (1491. 1492.) for the 
Sun recedes from the Equator towards the Poles 
23 Deg. 29 Min. (1444. 1445.) 

1515. The Fun is in the Equator about the 11th of March, 
and the 12th of September, and then the Day is equal 
to the Night (1489.) which happens all over the 
Earth, except juſt at the Poles. 

| DeriniTion XXII. 

1516. Thoſe Points of the Ecliptick in which it is cut by 
the Equator (1442), are called the Equinoctial 
Points; becauſe the Sun is in thoſe Points when 
the above-mention*d Equality of Day and Night 
happens. : 
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DeriniTion XXIII. 

1517. Theſe Points of the Ecliptict, in which the Tro- 
picks touch that Circle (1446), are called the Solſti- 
tial Points ; becauſe for a few Days, when the Sun 
comes to thoſe Points, and goes beyond them, it 
does not ſenſibly change its Declination, and the 
Length of the Days does not ſenſibly vary. 

1518, Under the Poles if there be any Inhabitants there, 
they can only once in a Year ſee the Riſing and 
Setting Sun, and only one Day with one Night makes 
up their whole Year. The Sun continues above the 
Horizon all the while it goes through one half of 
the Ecliptick (1442. 1482.); the reit of the Time 
it is hid under the Horizon. But yet their Day is 

1519. lengtbened upon account of the Refraction (147 1. ), and 
the Twilights laſt very long, for they laſt as long as 
the Declination of the Sun towards the hidden 
Pole does not exceed 18 Deg. (1512.). 

1520. At the Artlick Pole in the firſt Six Signs, from 
Aries to Libra, the Sun 1s above the Horizon: 
Therefore at that Pole the Day exceeds the Night 
Nine natural Days (1357), befides the Diminution of 
the Ngbt, on Account of the Refrattion (1519 * 

e 
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Theſe general Things which relate to the diffe- 
rent Poſitions of the Florizon being explained, 
ſome more particular Things are to be examined. 

The whole Surface of the Earth is divided into five1521. 
Zones. 

The Firſt is contain'd between the two Tropicks 1522. 
TT, tt, and called the Torrid Zone. 

There are two Temperate Zones, and two Frigid Pla. XVI. 
Zones. Pg. 9. 

The Northern Temperate Zone is terminated by the 1523. | 
Tropick of Cancer T T, and the Arctick Polar AM 
Circle AA. The Southern Temperate Zone is 
contained between 7, the Tropick of Capricorn, 
and the Polar Circle aa. The Frigid Zones are 1524. 
circumſcribed by the Polar Circles, and the Poles are 
in the Centre of them. 

Ia the Torrid Zone, twice a Near, the Sun goes 1525. 
through the Zenith at Noon (1496.). For the Ele- 
vation of the Pole is leſs than 23 Deg. 29 Min. | 
| (1522. 1486.), and the Diſtance of the Sun from | 
the Equator towards the Pole which 1s above the | 
Horizon, is twice in a Year equal to the Height | 
of the Pole (1444. 1445.); for which Reaſon alſo 
| in the Limits of that Zone, namely, ander the 1526. 
| Tropicks, the Sun comes to the Zenith only once in a | 
whole Tear (1444. 1445. 1446.). 

In the Temperate and Frigid Zones, the leaſt 1527. 
Height of the Pole exceeds the greateſt Diſtance 
of the Sun from the Equator (1444. 1523. 1524.); 
and therefore to their Inhabitants he Sun never 
goes through the Zenith (1496.). Yet the ſame Day 1328. 
the Sun riſes to a greater Height, the leſs the Height 
of the Pole is; becauſe thereby the Inclination of 
the Circles of the diurnal Motion with the Hori- 

d 20n 1s leſs. 

In the Torrid Zone, and in the Temperate Zones, i 529. 
every natural Day the Sun riſes and ſets (1488. 

f 1494.) ; for the Diſtance of the Sun from the Pole 
. always 
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1530. 


1531. 


1533. 


1534. 


1535. 
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always cxceeds de II ght of the Pole (1444. 
1522. 1323.) . Vet every where but under the Equatos 
(1514.) the artifict.l Das are unequal to one another 
(1491.) which Incquality is fo much the greater, 
the leſs the Place is diſtant from a Frigid Zone 
(1493). 

But in the Polar Circles, juſt where the Tempe- 
rate Zones are ſeparated from the Frigid ones, the 
Height of the Pole is equal to the Diſtance of the 
Sun from the Pole, when it is in the netghhour- 
ing Tropick (1446. 1448; and therefore in that 
Caſe, that is, once @ Tear, the Sun in its diuruil 
Motion performs one entire Revolution without goins 
down under the Horizon (1494.). 

Bur every obere in a Frozen Zr the Height of 
the Pole is greater than the leaſt Diſtance of the 
Sun from the Pole (1446. 1524.); therefore, au- 
ring ſome Revolutions of the Earth, the Sun is at a 
Diſtance from the Pole, which is 1:{s than the 
Pole*'s Height; and during all that Time, it dec, 
not ſet, nor fo much as touch the Horizon (1494.). 
But where the Diſtance from the Pole, as the 
Sun recedes from it, does exceed the Height of 
the Pole, or Latitude of the Place (1486.), thc 
Sun riſes or ſets every natural Day (1488,); then 
in its Motion towards the oppoſite Pole, it ſtays in 
the ſame Manner below the Horizon as was ſaid o 
the Motion above the Florizon (1495.). 

Theſe Times, in which the Sun makes entire 
Revolutions above the Horizon, and below it, in 
its diurnal Motion, are ſo much the greater, that 
is, the longeſt Day and Night laſt the longeſt, the leſs 
the Place in the Frigid Zone is diſtant from the Pole, 
till at laſt at the Pole itſelf they rake up the Time 
of the whole Year (1518.). 

From the ſame Cauſes, vis. the Obliquity of 
the Ecliptick in reſpect of the Equator, by which are 
occaſioned all the Things which relate to the Ine- 
quality of Days which is different in * 

aces, 
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Places, we alfo deduce the Difference of Seaſons 
hich ſucceed one another every Tear : I ſhall ſpeak 
of them firſt in reſpect to the Frigid and Tempe- 
rate Zones, and then in reſpect to the Torrid 
Lone. 
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The Rays of the Sun communicate Heat to the 1336. 


Air, not only when they come directly from the 
Sun, bur when they are reflected irregularly (769.) 
on Bodies, on the Surface of the Earth. This Effect is 
3 much the greater, as the Rays ſtrike the leſs ob- 

rely againft the Surface of the Earth; and that 
on a double Account. If you reſolve the Mo- 
tion of the Light into two Motions (383), one of 
which 15 parallel, and the other perpendicular to 
th. ee of the Earth; the Light acts upon 
50. „ tes ; only by this laſt Motion, which diminiſhes 
a5 the Obliquity encreaſes. There are more Rays 
acti = at one Time upon the fame Part of the Sur- 
face of the Earth, the more directly they come 
upon it. 


Wee, we deduce, that the Cauſes of Heat en- 1537. 


eaſe when the Dass encrca e, by the Sun's com- 
ing towards that Pole which is above the Horizon; 
beczuſe rhe Sun does daily aſcend to a greater 
Height; ſo that to the 3 Obliquity is 
added the longer Continuance of the Sun above 
the Horizon, both which concur to the encreaſing 
Heat; the Nights alſo are diminiſhed as the Days 
ncreaſe, and tlie Hcat, that is produced by Day, 
has leſs Time to decreaſc in. 

In the Northern Zones, as follows from this, the 


Cauſe of Heat is the greateſt of all, when the Sun 


comes to the Tropick of Cancer (1447): Yet the 1338 


Heat is not always the greateſt where the Cauſe 
of Heat is the greateſt; for the Heat encreaſes as 
long as that which is acquired by Day is not 
wholly deſtroy'd by Night; for though the daily 
Augmentations be diminiſhed, as long as there 1s 
an Augmentation, the Heat encreaſes. So alſo, the 


moſt 
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1541. 


1542, 


1543. 


1544. 
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moſt intenſe Cold is not upon the ſborteſt Day, in 
which the Obliquity of the Sun's Rays is the 
greateſt, and the Abſence of the Sun the longeſt, 
but the Cold encreaſes, as long as the Diminution 
of Heat does laſt ; concerning which one may rea- 
ſon in the ſame manner, as concerning the Encreaſe 
of Hear. 

The Year is divided into four Seaſons ; the hotteff 
is called the Summer; the coldeſt the Winter ; the 
temperate Seaſon that follows the Winter, Spring; 
and the Autumn comes in between Summer and 
Winter. 

In the Northern Regions, in the Beginning of the 
Spring, the Sun appears to be in the Beginning of 
Aries; in the Beginning of Summer the Sun comes to 
the Tropick of Cancer; when the Sun enters Libra, 
the Autumn begins: Iu the Beginning of Winter the 
Sun performs its diurnal Motion in the Tropick of 
Capricorn; all which may be eaſily deduc'd from 
what has been explain'd (1538. 1539.). 

In the Southern Regions, rhe Summer happens in 
the Time of the Winter above-mentioned, and they 
have their Spring whilfs the former have their Autumn; 
and ſo of the other Seajons. 

The general Cauſes upon which the Diviſion 
above-mentioned depends, are often diſturbed by 
Cauſes relating to particular Places; eſpecially in 
the Torrid Zone, of which we ſaid we muſt' treat 
of ſeparately. In moſt Places of this Zone there 
are only two Seaſons obſerved, (viz.) Summer and 
Winter, which are chiefly diſtinguiſhed by dry and wet 
Weather. 

When the Sun comes to the Zenith of any Place, 
there are almoſt continual Rains, upon which ac- 


1545. count the Heat is diminiſhed, which Time is re- 
ferred to, or calld Winter. As the Sun recedes, 


the Rains diminiſh, the Heat is encreaſed, and that 
Time is referred to Summer, 


I 
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In the middle of the Torrid Zone, there are two 
Summers, and as many Winters; becauſe the Sun 
comes up twice to the Zenith (1525.). 

Towards the Sides of this Zone, though the 
Sun comes twice to the Zenith; yet ſince there is 
but a ſmall Time between its coming to it the firſt 
and ſecond Time, both the Winters are con- 


founded into one; wherefore only two Seaſons in 
2 Year are obſerved there. 


CHAP. IL 


Concerning the Phenomena ariſing from the 
Motion of the Axis of the Earth. 


E have ſaid that the Axis of the Earth is 

carried by a parallel Motion (1309.); we 
have not conſidered a ſmall Motion, whereby it 
is really moved, of which we ſhall now ſpeak. 


353 


The Axis of the Earth, keeping the Inclination of 1 547. 


66 Deg. 31 Min. to the Plane of the Ecliptick, re- 
volves in Antecedentia, that is, is ſucceſſively car- 
ried towards all Parts; and its Extremities, (viz.) 
the Poles of the World deſcribe Circles round the Poles 


of the Ecliptick, from Eaſt to Weſt, and this Reva- 1948. 


lution is performed in the Time of about 25000 Tears, 
which Period is called the great Near. 

Becauſe the Earth is looked upon as immoveable 
by its Inhabitants, this Motion is referred to the 
heavenly Bodies, as has been ſaid of the other 
Motions: Therefore whilſt the Poles of the World 
are moved about the Poles of the Ecliptick in 
Antecedentia, and paſs ſucceſſively through all the 
Points that are 2 in, diſtant from 


Deg. 2 
theſe Poles, theſe Points themſelves, or rather the 
fixed Stars that are in them, come towards the 
Poles of the World ſucceſſively, and ſeem to be 
Aa carried 


1549) 
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carried in Conſequentia, and to deſcribe Circles 
which are really deſcribed by the Poles of the 
World about the Poles of the Ecliptick, which, 
being placed in Centres, alone are at Reſt : For 
ether with the Stars above-mention'd, the reſt 
of the Stars ( hecauſe they keep the ſame Situation 
in reſpect to one another) (1281.) do allo appear 
to be moved. | 
1550. Therefore the whole Sphere of the fixed Stars ſeem 
to move in Conſequentia about an Axis paſſing through 
the Poles of the Ecliptick ; and each Star apparently 
deſcribes a Circle parallel to the Ecliptick; by 
which Motion the Latitude of the Stars is not 
changed, 

The Plane of the Equator makes a right Angle 
with the Axis of the Earth; therefore by -the 
aforeſaid Motion of its Axis, the Section of the 

Plane of the Equator with the Plane of the 

1551. Ecliptick, is moved round; wherefore the firff 

Points of Aries and Libra (1441.), which are al- 

ways oppoſite, move through the whole Ecliptick 

Line, in the Space of about 25000 Nears in Antece- 

dentia : Yet they are looked upon as immoveable 

by the Inhabitants of the Earth, who imagine 

that the fixed Stars themſelves are moved in Con- 
ſequentia. 


CEA F. X. 
Concerning the fixed Stars. 


E have ſaid that he fixtd Stars are lucid 

Bodies, remove fo tar off, that their Di- 

ſtance can be compare! with no Diſtance in the 

1552. Planetary Syſtem. For Aſtronomers have not been 
able, by their niceſt Cùſervations, to obſerve the Poles 

cf the World carried out of their Place in the annual 
Motion of the Earth, although they deſcribe yo 

CICS 
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cles in the Heavens which are equal to the Earth's 
Orbit (1309. ). 
DEFINITION I. 

This Motion of the Pole is called the Annual 1353. 
Parallax. 

T hat the fixed Stars are at an immenſe Diſtance, 
is alſo proved by Obſervations with the help of 
Teleſcopes. If any fixed Star, even the moſt lucid 1544. 
and conſpicuous, be beheld with a Tele/cope, through 
which the Diameter of the Sun would appear equal 
to the Diameter of the Earth's annual Orbit, it 
will appear to be a lucid Point, without any ſenſible 
Magnitude ;, for all the fixed Stars appear leſs 
when they are ſeen through Teleſcopes than they 
do by the naked Eye; for it is only their twink- 
ling which makes them appear to have any ſen- 
ſible Magnirude. 

That the Stars may be diſtinguiſhed, they are re- 1555. 
ferred to various Figures, which are imagined in the 
Heavens, and are called Conſtellations. 

Twelve Conſtellations are imagined to be in the 1536. 
Zodiack, which are calPd the Signs of tbe Zodiact; 
they receive their Names from the Animals or 
Things which they repreſent: Aries, Taurus, 
Gemini, Cancer, Leo, Virgo, Libra, Scorpius, Sa- 
gittarius, Capricornus, Aquarius, Piſces, Theſe 1557. 
Signs have given their Names to the twelve Parts of 
the Ecliptick, of which we have ſpoken before. 

In the Time of Hipparchus, the Sections of the 1558, 
Ecliptick and Equator were between the Conſtel- 
lations of Piſces and Aries, and Virgo and Libra, 
and the Conſtellations gave their Names to thoſe 
Parts of the Ecliptick which paſſed through each 
Conſtellation z and the Parts of the Ecliptick, ſup- 1559. 
Pofing the Beginning of Aries and Libra, in the In- 
terſeftions of the Equator and the Ecliptict, have 
kept the Names which they had at that Time, tho* 

Aa 2 theſe 
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theſe Interſefions be carried from their old Places 
(1551.); whence the Sun is ſaid to be in Taurus, 
when it moves amongſt the Stars of the Conſtella- 
tion Aries. 

The Zodiack ſeparates the North Part of the 
Heavens from the South. 


1559. Jn the Northern Region are the following Conſtella- 


1560. 


1561. 


1562. 


tions ; the leſſer Bear, the greater Bear, the Dragon, 
Cepheus, the Hounds, Bootes, the Northern Crown, 
Hercules, the Harp, the Swan, the Lizard, Caſſi- 
opeia, Camelopardus, Perſeus, Andromeda, the 
Triangle, the leſſer Triangle, the Fly, Auriga, Pega- 
ſus, or the Flying Horſe, Fquuleus, the Dolphin, 
the Fox, the Gooſe, the Arrow, the Eagle, Antinou:, 
Sobiesky's Shield, Serpentaris, the Serpent, Mount 
Menalus, Berenice's Hair, the leſſer Lion, the Linx. 
In the Southern Region of the Heavens, are the 
following Conſtellations, many of which are inviſible 
to ws (1495.): viz. the Whale, the River Eridanus, 
the Hare, Orion, the Great Dog, Rhinoceros, the 
Leſſer Dog, the Ship Argo, Hydra, the Sextant of 
Urania, the Cup, the Crow, the Centaur, the Wolf, 
the Alter, the Southern Crown, the Southern Fiſh, 
the Phoenix, the Crane, the India, the Peacock, the 
Bird of Paradiſe, the Southern Triangle, the Croſs, 
the Fly, the Chamelion, King Charles's Oak, the 
Flying Fiſh, the Toucan, or American Gooſe, Hy- 


_ or the Water Serpent, Xiphias, or the Sword- 
iſh. 


DsgFriniTion II. 


The Stars, which are between the Conflellations, 
are called wnform'd Stars. 


All the Stars are not equally lucid, and they are 
referred by Aſtronomers to fix Claſſes. 

The moſt lucid are called Stars of the firſt 
Magnitude z others are ſaid to be Stars of my 
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cond Magnitude, others of the third, &c. to the 
ſixth Magnitude. 

Some are not referred even to this laſt Claſt, and 1563. 
are calPd Nebulous Stars. 

There is alſo a certain Zone or Belt obſerved in 1564. 
the He wens, which is not every where of the 
ſame Breadth, and goes round the whole Heavens, 
and in ſome Places is ſeparated ſo as to become 
double. From its Colour it is called the Milky Way. 

It is plain from Obſervations, by the help of the 
Telefrope, that this Way is an Aſſemblage of innume- 1 565. 
rable fixed Stars, which cannot be ſeen by the naked 

Eye, either becauſe they are leſs than the other 
Stars, or more diſtant. 

Towards the Antarfick Pole there are two Nube- 1 566. 
cule of the ſame Colour as the Milky Way, which 
are alſo Heaps of ſmall Stars, and cannot be ſeen 
without a Teleſcope. Beſides the Stars, which are 
obſerved in theſe Nubeculz, and in the Milky 
Way, to whatſoever Part of the Heavens you point 1 567. 
the Teleſcope, you may diſcover ſmall Stars in a great 
Number, which are not vifible to the naked Eye. 

Very often an Heap of Stars appears to the naked 
Eye to be but one Star. 

Amongſt the Stars, ſome are viſible and inviſible by 1 568. 
turns, and obſerve regular Periods; others are ſuc- 
ceſſively ſometimes more lucid, ſometimes of a 
duller Light, and to be ſeen only by the help of 
a Teleſcope, and that at certain Times. Yer 
they are not 2 bright at every Period. 

Sometimes Stars have appear d ſuddenly, exceeding 1569. 
the brighteſt in Light, which afterwards ſucceſſively 
decreaſing, have vaniſbed in a ſhort Time, and flill re- 
main inviſible. 

eſides the Stars, we ob/erve in the Heavens 1370 
ſeveral whitiſh Spots, which are in ſome meaſure 
lucid and inviſible to the naked Eye; their Light 
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is referred to the Stars which are in them, or they 
are look*d upon as nebulous Stars. 


What theſe Spots are, cannot be determin'd ; 


perhaps they are a Congeries of Stars, which have 


the ſame Relation to the Teleſcopick Stars as 
thoſe which form the Milky Way have to thoſe 
which are ſeen by the naked Eye. 


The End of Part ]. 
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BOOK IV. 


PART II. The Phyſical Cauſes of the 
Celeſtial Motions. 


CHAP. XL 
Concerning Univer ſal Gravity. 


Aving explained the Motions of the hea- 

venly Bodies, and the Phenomena ariſing 

- from them, we muſt now examine by what 
Laws theſæ Motions are perform'd. 

We have before laid down the Laws according 
to which the Motions of Bodies are directed (168. 
171.175.). If we add one to theſe, we ſhall fee 
the whole Contrivance by which that vaſt Ma- 
chine the Planetary Syſtem is govern'd. 


The Law to be added to the reſt, is this, all Bodies 


are mutually beavy (or gravitate) towards each other. 1571. 
This Gravity is proportional to the Quantity of Matter : 1572, 
At unequal Diſtances it is inverſly as the Square of the 1573. 


Diſtance, that is, all Bodies mutually attract or tend 

towards each other with the Force which belongs 

to each Particle of Matter acting upon each Par- 
Aa4 ticle 


1574. 


1575. 


1576. 


1577 


1578. 


1579 


each other (1323. 257. 175.) 
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ticle; and the Force with which a Body acts upon 
others, is compounded of all the Forces of the 
Particles of which the Body conſiſts ; ſo this Force 
encreaſes in the ſame Proportion as the Quantity 
of Matter, and is unchangable in every Particle; 
it is always the ſame at the ſame Diſtance ; but the 
Diſtance encreaſing, the Force decreaſes as the 
uare of the Diſtance increaſes, 

We call this Force Gravity, when we conſider a 
Body which of itſelf tends towards another ; becauſe 
this Force is call'd by this Name near the Earth's 
Surface (85.), 

But when we conſider a Body, towards which ana- 
ther tends. we call this Force Aittraftion. We mean 
the fame Effect by theſe Names, and nothing but 
the Effect; for ſince all Gravity is reciprocal (175.), 
it is the ſame to ſay, all Bodies gravitate mutually 
towards one another, as that Bodies mutually at- 
tract one another, or mutually tend towards each 
other. 

We look upon this Effect as a Law of Nature 
(5.), becauſe it is conſtant, and its Cauſe is un- 
known to us, and cannot be deduc'd from Laws 
that are known, as we ſhall ſhew by and by. 
Now that there is ſuch a Gravity, is to be proved 
from Phenomena. 

All the Primary Planets are kept in their Orbits 
by Forces which tend towards the Centre of the 
Sun (1301. 257.) ; therefore there is a Force by 
which the Planets are carried towards the Sun, and 
whereby the Sun tends reciprocally rowards each 
of them (175.) That is, the Sun and Planets gravi- 
tate mutually towards each other. 

After the ſame manner it is plain, that the $4- 
tellites of Jupiter and Jupiter gravitate towards each 
other ; as alſo that the Satellites of Saturn gravitate 
towards their Primary Planet, and that towards 
them (1323. 237. 175). 

Moon and the Earth alſe gravitate towards 


All 
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All the Secondary Planets gravitate towards the 1 580. 
Sun: For they are all carried by a regular Motion 
about their Primary Planets, as if the Primary 
Planets were at reſt z whence it is plain, that they 
are carried about by the common Motion with the 
Primary Planets ; that is, that the ſame Force by 
which the Primary Planets are every Moment car- 
ried towards the Sun, acts upon the Secondary ones, 1531. 
and that they are carried towards the Sun with the 
ſame Celerity as the Primary Planets, Even the Irregu- 
larities of the Secondary Planets, which are fo 
ſmall, as only to be ſenſible with reſpect to the 
Moon, confirms this Gravity of the Secondary 
Planets towards the Sun: For we ſhall ſhew here- 
after that all the Irregularities are caus'd by the 
Change of the Moon's Gravity towards the Sun, 
at a different Diſtance ; and becauſe the Lines in 
which the Earth and Moon tend towards the Sun 
are not alrogether parallel. 

From the Gravity of the Secondary Planets to- 138 2. 
wards the Sun, it follows, that the Sun gravitates 
towards them (175.). 

In reſpect of the Gravitation of the Primary 
Planets towards one another, Aſtronomers have 
obſerv*d, that Saturn changes its Way when it is 
neareſt to Jupiter, which is far the greateſt of all 
the Planets; fo that it is plain from immediate 1383. 
Obſervations, that Zaupiter and Saturn grevitate to- 
wards each other. 

Saturn alſo in this Caſe, as Mr. Flamſtead has 
obſerv'd, diſturbs the Motions of the Satellites of 
Jupiter, attracting them a little to itſelf; which 1584. 
proves that theſe Satellites gravitate towards Saturn 
and Jupiter, and theſe towards them. 

From all which Conſiderations (1577. 1578. 1585. 
1579. 1580. 1581. 1582. 1583. 1584.) together, 
it follows, that the ſeventeen Bodies, of which the 
Planetary Syſtem is made up, mutually gravitate 
wwards cach other, although no immediate Ob- 


{ervations 
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ſervations can be made concerning the Gravitation 
of each particular one towards the reſt (8.), 

The ſecond Part of the Law is (1572.), that 
Gravity is proportional to the Quantity of Mat- 
ter; that 1s, all the Particles of Matter gravitate to- 
wards each other; and therefore that the Law of 
Gravity is univerſal, and that every Body acts upon 
all other Bodies; which is deduced ire Gran, 


1586. The Forces of Gravity are as thc 


„ N of 
Motions, which they generate in the ſame Time 
(64), and theſe Quantities, in unequal Bodies that 
arc equally ſwift, are to one another as the Quan- 
tities of Matter (69. 70.). Therefore ſince un- 
equal Bodies at the ſame Diſtance from the at- 
tracting Body, move equally ſwift by Gravity 
(1381); it is evident, that the Forces of Gravit 

are proportional to the Quantity of Matter. We 


1387. find the rac in all Bod ics near the Earth's Surface, 


2 


CO 


which have a Gravitation towards the Earth pro- 
portional to their Quantity of Matter (90). Burt 
the mutual Gravity of all theſe Bodies towards one 
another is not ſenſible, becauſe it is exceeding {mall 
in reſpect of their Gravity towards the Earth; and 
therefore cannot diſturb their Motion ariſing from 
their Gravity towards the Earth; at leaſt, fo as 
to make any ſenſible Change in the Direction of 
their Motions (174.). 

We ſhall preſently ſhew by another Method, 
that this univerſal Gravity a all the Particles of 
Matter, whereby they act upon one another, may 
be proved from Phænomena (1389. 1590.). 

The third Part of the Law, which we examine, 
is, that Gravity decreaſes when the Diſtance en- 
creaſes, and is inverſly as the Square of the Di- 
ſtance, which alſo follows from Phenomena. . 

Bodies, upon which Gravity acts according to 
their Quantity of Matter, as in our Syſtem, are 
moved witli an equal Celerity in the fame Cir- 
cumſtances, as we ſaid before; fo that it is no 
matter, whether the Bodies are greater or leſs 1 
an 
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and they are moved as if they were equal. But in 
this Caſe, if the Force towards a Point decreaſes 
in an inverſe Ratio of the Square of the Diſtance 
from that Point, and the Bodies move at various 
Diſtances from it, and are kept in Circles by that 
Force; the Squares of the Periodical Times will 
be to one another, as the Cubes of the Diſtances 
(271. 272.)z which is demonſtrated by Geometers 
to obtain (in reſpect of the mean Diſtance in Ellip- 
tick Lines (275.), when the Forces are directed to 
their Foci. But this is the Caſe in Bodies which 
revolve about the Sun, Saturn and Jupiter (1331). 
Whence it follows, that the Force of Gravity, re- 


ceding from the Centres of theſe Bodies, decreaſes 


in an inverſe Ratio of the Squares of the Diſtances. 
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By this Reaſoning, ſuppoſing Gravity propor- 1589. 


tional to the Quantity of Matter, we demon- 
ſtrate, that it decreaſes in an inverſe Ratio of the 
Square of the Diſtance. And by the ſame Reaſon- 
ing, ſuppoſing the Diminution of Gravity to be 
in this Proportion, it follows, that Gravity is 
proportional to the Quantity of Matter, as is very 
evident. 

But we prove by another Argument, that the 
Diminution of Gravity, ſo often mention'd, is in 
an inverſe Ratio of the Square of the Diſtance: 
So that there can remain no doubt concerning the 
two Laws of Gravity which we now treat of. 


The Planets are moved in Orbitsat reſt (1287); 1590. 


and are kept in them by Forces, which are dire- 
cted to an Excentrick Point (1288. 1577); but it 
is plain, that this would nor obtain, if the central 
Force did not encreaſe in an inverſe Ratio of the 
Square of the Diſtance (283.). 


It follows from the ſame Reaſoning, that re- 1591, 


ceding from the Centre of the Earth, Gravity de- 
creaſes according to the fame Law; for the Moon 
is retain'd in its Orbit by a Force which tends 


towards 
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towards the Centre of the Earth, that is, to an 
excentrick Point (1324. 1323. 257.): And 
though the Line of the Apſides is not carried by 
a parallel Motion, its Agitation is ſo ſmall, if we 
conſider every Revolution, that it may be look'd 
upon here as quieſcent : for if we compute the 
Force which keeps the Moon in its Orbit ſo agi- 
tated, which we do in our Scholiums, we ſhall 
find the Diminution of the Force of Gravity in 
reſpe& of the Moon, to differ very little from an 
inverſe Ratio of the Square of the Diſtance z and 
we ſhall ſhew hereafter that this Difference depends 
upon the Action of the Sun, 

And no Doubt will remain concerning this Di- 
minution, if we conſider, zbat the Moon is kept in 
its Orbit by that very Force wherewith Bodies ave 
carried towards the Earth's Surface ; which is di- 
miniſhed according to the Law of Diminution 
ſo often mention'd. 

The mean Diſtance of the Moon is 60 f Semi- 
diameters of the Earth; that is, 50.50. we make 
it 60.541. which Correction is ſmall, if we con- 
ſider that this is a Mean between ſeveral Diſtances, 
determin'd by Aftronomers. We have before 
ſhewn, that a Diameter of the Earth contains 
3386897 Rhynland Perches (1333.); whence 
knowing the Periodical Time (1327); we eaſily 
diſcover that the Moon in one Minute of Time 
goes through 196479 Rhynland Perches of her 
Orbit. This Arch is not the hundredth Part of 
one Degree, and may be look'd upon as its Sub- 
tenſe 3 therefore the Diameter of its Orbit is to 
this Arch, as the Arch itſelf is to its verſed Sine; 
which is diſcover'd to be 15.6892 Rhynland 
Feet; and it is the Space which the Moon and 
Earth would go through in one Minute, coming 
to one another by their mutual Attraction. 

But as we have ſaid the Gravity of the Moon 
on the Earth is changed by the Action of the Sun, 
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as will appear in Chap. XVI. and the Effect of the 
whole Action agrees with the Diminution of Gra- 
vity; and ſo we demonſtrate in the Scholiums to 
our Elements, that this Space 15,6892 muſt be 
augmented the 183d Part, to take away the Di- 
minution ariſing from the Sun's Action, and this 
will be 15.7754 Feet. 

T heSpace moved through by aBody, which comes 
to another by the Force of Gravity, depends upon 
the Force with which it is attracted by that other, 
all whoſe Particles of Matter attract it; therefore 
the Spaces moved through by the Moon and 
Earth, as they come towards each other ; are in- 
verſly as the Quantities of Matter in them; there- 
fore, as he — of Matter in both Bo- 
dies, is to the Quantity of Matter in the Earth: 
So is the Space gone through by both Bodies in their 
mutual Acceſs towards each other, to the Wa 
gone through by the Moon only. The Quantities 
of Matter in the Moon and in the Earth, as we 
ſhall ſhew hereafter, are to one another as 1 to 39, 
213 and 40.31, is to 39.31, as 15.7754 is to 
15.3840, the Space gone through by the Moon ; 
which therefore would be gone through in one 
Minute by any Body, which at the Moon's Di- 
ſtance ſhould be impell'd by Gravity towards the 
Earth (1586.). 

This Force increaſing in an inverſe Ratio of the 
Square of the Diſtance from the Centre, the Space 
gone through in the ſame time, at the Diſtance of 
a Semidiameter of the Earth, that is, on its Sur- 
face, will be 60.541 x 60.541 x 15.3840 Feet; 
but becauſe in every Motion equably accele- 
rated, as here (for we conſider the Force as re- 
moved from the Earth's Centre to the Diſtance of 
irs Surface) the Squares of the Times are as the 
Spaces gone through in the Fall (186); by divi- 
ding this Number by 60 x 60, that is, 3600 ; we 

have 
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have the Space gone through by a Body in one 
Second, near the Earth's Surface, by the Force 
with which the Moon is kept in its Orbit, which 
is diſcover'd to be 15,6629 Rhynland Feet. 


1594. Now if we examine the Gravity which we 


daily find in all Bodies near the Earth's Surface 
(84); it is plain from what has been ſaid concern- 
ning the Motion of Pendulums (218. 220.) and 
from Experiments made upon Pendulums by 
Huygens, at Paris, that a Body in falling goes 
through 15,6387 Rhynland Feet in one Second of 
Time. But the Earth revolves about its Axis, 
and Bodies falling by Gravity are repelled by the 
Centrifugal Force, and the Space moved through 
at Paris in one Second of Time is leſſen'd 0,0242 
Feet, as we ſhall ſee in Chap. XVII. Therefore the 
Space moved through by the whole Gravity in 
one Second of Time is 15,6629 Khynland Feet; 
and this Gravity is the very Force which keeps 


the Moon in its Orbit. 


We have conſider'd the Centres of Bodies in 
examining the Law of the Diminution of Gravity, 
although Gravity belongs to all the Particles of 
Bodies; becauſe it is plain by a Mathematical 


1595. Demonſtration (which we give in the Scholiums to 


1596. 


our Elm.), that the Action of a Spherical Body (in 


which, in every Part, the Particles that are equally 


diſtant from the Centre are homogeneous, and which 
is made up of Particles, towards which there is a 
Gravity that decreaſes, receding from each of them in 
an inverſe Ratio of the Square of the Diſtance) is 
directed towards the Centre of the Body, and receding 


from it, is diminiſh'd in the ſame inverſe Ratio of 


the Square of the Diſtance So that ſuch a Body 
acts, as if all the Matter of which it conſiſts was 
collected in its Centre. Whence we deduce the 

following Concluſions. 
That on the Surfaces of Bodies, in which the 
Matter is homogeneous, at equal Diſtances 2 the 
entre, 
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Centre, the Gravity is directly as the Quantities of 
Matter, and inverſly as the Squares of the Diameters 
(1572.1573.); for in theſe Bodies the Diſtances 
from the Centre are as the Diameters. 

That on the Surfaces of Bodies that are ſpherical, 1 597. 
homogeneous, and equal, the Gravities are as the 
Denſities of the Bodies; for the Diſtances from the 
Centre are equal; in which Caſe the Forces of 
Gravity are as the Quantities of Matter (1572) ; 
which, in equal Bodies, are as their Denſities. 
(442. 90.). | 

That on the Surfaces of Bodies that are ſpherical, 1598. | 
unequal, homogeneous, and equally denſe, the Gravities 
are inverſly as the Squares of the Diameters(1573.), 
becauſe the Diſtances from the Centre are ix the 
Ratio of thoſe Diameters: The Gravities alſo are | 
directly as the Cubes of the Diameters (1572.); 
the Quantity of Matter in Spheres are in that 
Ratio: And the Ratio compounded of that direct 
Ratio of the Cubes of the Diameters; and the 
inverſe Ratio of their Squares, is the direct Ratio 
of the Diameters themſelves. | 

T heretore, if both the Denſities and the Diame- 1 599. 
ters differ, the Gravities on the Surface will be in a 1 
Ratio compounded of the Denjities (1597.) and the 4 
Diameters (1598.). Therefore dividing the Gra- 1600, 
vity on the Surface, by the Diameter, you will 
have the Denſity, which conſequently is in a direct 
Ratio of the Gravity on the Surface, and an inverſe 
Ratio of the Diameter, 

If a Body be plac'd in a Sphere that is homogeneous, 1691. 
bollow, and every where of the ſame thickneſs, where- 
ſoever it be plac'd, it has no Gravity, the oppoſite 
Gravitics mutually deſtroying one another pre- 
ciſely: Whence it follows, that in an homogeneous 1602. 
Sphere, a Body coming towards the Centre, gra- 
vitates towards the Centre only from the Action 
of the Sphere, whoſe Semidiameter is the Diſtance 
of the Body from the Centre, which Gravity 


decreaſes 
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decreaſes in coming towards the Centre, in the Ratio 
of the Diſtance from the Centre (1598.); for all 
Matter, which is at a greater Diſtance from the 
Centre, forms an hollow Sphere, in which the ſe- 
veral Actions on a Body deſtroy each other (1601.). 
We have ſaid that the Gravity which we have 
hitherto explain'd, is to be taken for a Law of 
Nature, becauſe we don't know the Cauſe of it, 
and becauſe it depends upon no Cauſe that is 
known to us; which will evidently appear,” if we 
attend to what follows. 
1603. That Gravity requires the Preſence of the attract. 
ing Body; ſo the Satellites of Jupiter gravitate 
towards Jupiter, whereſoever it be (1578.). 
1604. That the Diſtance remaining the ſame, the Cele- 
rity with which Bodies are carried by Gravity, de- 
pends upon the Quantity of Matter in the attrafting 
t605. Body : And that the Celerity is not chang d, let the 
Maſ of the gravitating Body be what it will (1572). 
1606. Beſides that, if Gravity depended upon any known 
Law of Motion, it ought to be referr'd to a Stroke 
from an extraneous Body; and becauſe Gravity is 
continual, a continual Stroke would be requir'd. 
1607, If there be ſuch a fort of Matter continually 
ſtriking againſt Bodies, it muſt of Neceſſity be 
Fluid, and very ſubtil, ſo as to penerate all Bo- 
dies; for Bodies that are any how ſhut up in 
others, are heavy. | 
Now let a Mathematician conſider, whether a 
Fluid fo ſubtil, as freely to penetrate the Pores of 
all Bodies, and fo rare, as not ſenſibly to hinder 
the Motion of Bodies (for in a Place void of Air, 
the Motion of a Pendulum will be continued very 
long) can impel vaſt Bodies towards one another 
with ſo much Force : Let him explain how this 


Force encreaſes in a Ratio of the Maſs of the 
Body towards which another 1s carried (1604.): 
Laſtly, let him ſhew, what ſeems moſt difficult to 

me, 
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me, how all Bodies, in any Situation whatſoever 
(if the Diſtance, and the Body towards which the 
Gravitation is, remain the ſame) are carried with 
the ſame Velocity (160g); that is, how a Liquid, 
which can only act on the Surfaces, either of the 
Bodies themſelves, or their internal Particles, to 
which it is not hinder'd from coming by the In- 
terpoſition of other Particles, can communicate 
ſuch a Quantity of Motion to Bodies, which in all 
Bodies exactly follows the Preportion of the 
Quantity of Matter in them; and which in this 
Chapter we have prov'd to obtain every where in 
Gravity, and which we have demonſtrated by a 
direct Experiment in reſpect of the Gravity near 
the Earth's Surface (8g). 
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Vet we don't ſay that Gravity does not depend 1608. 


upon any Stroke, but that it does not follo from 
that Stroke, according to any Laws known to us, 
and we confeſs that we are eatirely ignorant of 
the Cauſe of Gravity. 


CH.A-F. XIL 


Of the Celeſtial Matter, where a Vacuum 
1g proved. 


AVING explained the Laws whereby the 
whole Planetary Syſtem is governed, ſeve- 
ral Things nzuſt be firſt laid down, before we pro- 
ceed to the Phyſical Explication of the Syſtem. 
We muſt begin by ſaying ſomething of the Cele- 
ſtial Matter, that is, of the Medium in which 
the Bodies that make up the Syſtem are moved, 
which would be done in few Words, if all Philo- 
ſophers agreed that there is a Vacuum. 
We have before proved that a Yacuum is poſſi- 
ble (15.) 3 now we are to demonſtrate that there 
1s really one. 


From only conſidering Motion we can deduce a Va- 1609. 


cuum; and this is a very common and uſual way 
B b 
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of proving it; to ſee the Force of which Argu- 
ment, we muſt conſider, that indeed all Motions 
are not impoſſible without a Vacuum, but molt of 
thoſe which are daily obſerved, are impoſſible 
without a Yacuum ; which might be fully evinced 
by a longer Diſcuſſion: But it ſeems to me to be 
ſo evident from the following Conſideration, that 
it would be uſeleſs to add much more. 

The Figure of the leaſt Particles is unchange- 
able; for the Particle, whoſe Figure may be 
changed, conſiſts of ſmaller Particles, which are 
moved in reſpect to each other; and therefore if 
it has a changeable Figure, it is not one of the 
leaſt ones. 

Bur if the Figure of theſe Particles be unchange- 
able, and a Body can move between them, with- 
out ſuch a Separation of the Particles as to leave 
a wide Space, this will depend on the Figure of 
the Particles, and the Relation which they have 
to one another, which a Mathematician will not 
deny : Therefore, if keeping Things in this State 
(as to their Figure and Relation) the Particles are 
encreaſed, even in that Caſe Bodies may be moved 
without a Vacuum. 

Now ſuppoſing the ſmalleſt Particles encreaſed 
to the Bigneſs of a Cubick Foot, whatever be 
their Figure and Relation with the other Parts, 
which we ſuppoſe encreaſed in the fame Propor- 
tion as the Kalt, let any one conſider, whether 
Bodies of any Bigneſs can be carried between thoſe 
Parts in right Lines, and in all ſorts of Curves, 
and yet never ſeparate the Particles ſo as to leave 
Vacuities between them. 

We cannot conceive how the moſt ſubtil Parts 
are made, and therefore often attribute to them 
ſuch Properties as do not follow from their Figure; 
but theſe Errors will be corrected, by imagining 
the Particles encreaſed. _ 

ec 
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We alſo prove a Vacuum by an Argument talen 1611. 
from Reſiſtance. 
We have ſaid that Matter is inactive (13.) 
ſome diſpute about the Word, but no Man denies 
the Thing; whence it follows, that a Body can- 
not move through a Fluid, without undergoing a 
Reſiſtance (559;), and 1 a Retardation 
'581.). The Reſiſtance ariſing from the Inacti- 
vity of the Matter (which Reſiſtance alone is here 
conſidered) depends upon the Quantity of Matter 
to be removed out of its Place, which is the ſame, 
whether the Parts of a Fluid be greater or leſs, if 
the Celerity of the Body remains the ſame z whence 
it follows, that in determining what relates to the 
Reſiſtance, we muſt have no regard to the Sub- 
tility of the Fluid, as long as it cannot go through 
the Pores of Bodies; for if we come to ſuch a 
thinneſs of Parts, that a Fluid ſhall partly pene- 
trate a Body, it will leſs reſiſt the Body. 
Now let us ſuppoſe any Ball or Spherical Body 
to be moved along in a Medium of the ſame Den- 
fity as itſelf, and ſo cloſe, that the Parts of the 
| Medium cannot paſs through the Pores of the 

Body, this Body will be retarded every Moment, 
ſo that its Velocity at laſt will be reduced to half; 
which will happen before the Body has gone thro” 


| once and a half the Length of its Diameter (602.). 
In order to apply this Propoſition to a Motion 1612. 
, in a very ſubtil Fluid, which freely penetrates the 
a Pores of all Bodies, and fills all Places, we muſt 
5 conceive a Spherical Body without any Pores at 
: all; and that ſuch a Body may be ſuppoſed, by 


imagining all the Particles of Matter cloſely join'd, 
$ no Body will deny. 
] That the Reſiſtance of ſuch a Body in any Fluid 
; does not depend upon the Bigneſs of the Parts of 
4 the Fluid, and is the ſame, whether the Parts of 
the Fluid be equal, or any how unzqual, is evi- 
0 dent. 
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If every Thing be full of Matter, this Body 
can only move through a Fluid of the ſame Den- 
ſity as itſelf; for it muſt run againſt al! the Mat- 
ter which is in thoſe Places through which it 
paſſes, and in them the Matter is without Inter- 
ſtices, as it is in the Body; therefore it will loſe 
half its Velocity before it has run through the 
Length of once and a half its Diameter. 

Now let let us ſuppoſe the Body to be encreaſed, 
the Quantity of Matter remaining the ſame, and 
the Body continuing homogeneous z that is, let 
there be Pores in the Body, through which the 
moſt ſubti! Particles of Matter may paſs very 
freely; and let theſe Pores be equally diſperſed all 
over the dy: If the Body, thus changed, be 
moved, the very ſubtil Fluid of which we ſpeak 
will not run againſt the whole Surface, but only 
thoſe Parts of the Surface which are between the 
Pores ; which Parts being taken together, becauſe 
we ſuppoſe the Body homogeneous, are equal to 
the Surface of the Body in the firſt Suppoſition, 
when we conceived it to be without Pores; for 
the Body being encreafed, the Surface has not been 
changed, but only dilated by the Interpoſition of 
Pores: So that in both Caſes the Body will under- 
go the ſame Reſiſtance from the Impulſe upon the 
Surface and the Reſiſtance on the dilated Body is 
greater from the Fluid running againſt the inter- 
nal Parts of the Body. Wherefore this Body will 
ſooner loſe half its Motion in the Second, than in 
in the firſt Caſe; that is, before it has run thro' 
the Length of once and a half a Diameter of the 
firſt ſuppoſed bigneſs; and therefore it loſes a 

rer Quantity of Motion, in going through 
once and a halt a Diameter of the Bigneſs ſuppoſed 
in the ſecond Caſe. 

Bur this is contrary to Experience; for a homo- 
geneous Ball of Gold, or Lead, Sc. loſes a _ 
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leſs Quantity of Motion than what we have men- 
tioned, in Water or Air; whence it follows, that 
the Suppoſition that all Things are full of Matter, 
is falſe. Therefore there is a Vacuum. 


That there is a Vacuum, does alſo agree with the 1613. 


Phenomena relating to Gravity, by which it follows 
that it 15 proportional to the Quantity of Matter. 
If all was full of Matter, Gravity would act 
equally every way, and the Forces which are di- 
rected towards oppoſite Parts would deſtroy one 
another; and therefore no ſenſible Gravity would 
be obſerved, which is contrary to Experience. 

Theſe being premiſed, we muſt return to the 
Celeſtial Matter. 

The Motions of the Heavenly Bodies do not de- 
pend upon the Motion of the Celeſtial Matter, if 


there be ſuch a Matter (1608.) ; whereby is over- 1614. 


thrown the Opinion of thoſe which ſay that the hea- 
venly Bodies are carried along by the common Motion 
of the Matter which fills our Syſtem. 

This Opinion is alſo overthrown by the Motion 
of the Comets; if there was a Medium in the 
Syſtem which carried about the Planets in its Mo- 
tion, and alſo the Comets, it would at leaſt ſen- 
ſibly diſturb theſe laſt in their Motions, whilſt they 
come almoſt directly towards the Sun, or directly 
recede from it, or are carried in Antecedentia ; that 
is, in a Motion contrary to the Motion of that 
Matter : Now as this Motion is not diſturbed, 
but follows the Way which depends upon Gra- 
vity, as it is obſerved, it is plain, that if there be 
any Celeſtial Matter, and that is in Motion, it 
does not exert a ſenſible Action on the Bodies of 
the Planetary Syſtem, which is alſo deduced from 
the ſmall Reſiſtance of ſuch a Medium; for by 
comparing the moſt ancient Obſervations with the 
Modern, it does not appear that the Planets are 
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ſenſibly retarded in their Motions. Yet in Air 
the Reſiſtance is ſenſible ; wherefore the Denſity 
of the Medium in which the Planets ſhould move, 


r615.mult be almoſt immenſly leſs; therefore the Plane- 


tary Syſtem is not filled, unleſs it be by ſuch a very 
ſubtil Medium. | | 
But we may, from the Diviſibility of Matter, de- 
duce, that a Quantity of Matter, how ſmall 
ſoever, may be diſperſed all over the Planetary 
Syſtem, leaving but very ſmall Interſtices (24. 


CH AP. XIII. 
Concerning the Motion of the Earth. 


B Efides the Queſtion that has been handled in 
the foregoing Chapter, there is alſo another 
to be examined, before we proceed to the Expli- 
cation of the whole Syſtem. | 

That no doubt may remain concerning the Sy- 
ſtem, which has been explained in the firſt Chap- 
ter of this Book, we muſt here prove the Motion 
of the Earth, concerning which it is no Wonder 
that many have doubted; for the Celeſtial Mo- 
tions cannot be determined by us, but by Obſer- 
vations made by Obſervers on the Earth; and the 
ſame Phænomena appear, whether the Bodies 
themſelves be moved, or the Spectator be moved 
(1350.); fo that it is not to be proved by imme- 
diate Obſervations, whether the Motion of the 
Earth is to be referred to the Heavenly Bodies or 
nor. 

That the Earth is carried ahout the Sun, is dedu- 
ced from the Analog) of the Motions, and from an 
Examination of the Laws of Nature. | 

As to what relates to the Analogy of the Mo- 
tions, it is to be obſerved, that Satellites revolve 
about Jupiter and Saturn, which are leſs than the 
central Body; that the Moon revolves about the 
Earth, which is leſs than the Earth; Lafily, * 
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the Sun has leſs Bodies than itſelf revolves about it, 
as Mercury, Venus, Mars, Jupiter, and Saturn. | 
Now if the Earth revolves with the reſt, then 1617. | 
every where in our Syſtem the leſſer Bodies move 

| about the greater : Now there would be an Exception 
in this Rule in reſpect of the Sun, if that vaſt Body 
was to go round ſo [mall a Body as the Earth 
(1332.). 

About the Sun, Jupiter and Saturn (about which 1618. 

ſeveral Bodies revolve) thoſe move the loweſt which 
are moſt diſtant from the central Body, and accord- 
ing to this Rule, that the Squares of the Perio- 
dical Times follow the Ratio of the Cubes of the 
Diſtances (1331.) ; which Rule may be applied to 
the Earth, 1f it be carried about the Sun with the 
reſt of the Planets, as appears, if its Periodical 
Time, (viz. the Time in which the Sun ap if 
to perform an entire Revolution) and its Diſtance (5 
from the Sun be compared with the Diſtances and i 
Periodical Times of the Reſt of the Planets. | 


Now this Rule has only one Exception, if the Sun 
being moved about, the Earth is at Reſt. In this 
Caſe Mercury, Venus, Mars, Jupiter, and Saturn, | 
are ſubject ro this Rule in their Motions, as alſo | 
the five Satellites of Saturn, and the four Planets h 
that accompany Jupiter; only the Moon and the | 
Sun would move about the Earth in a Proportion | 
quite different; and then the Celerity of the Sun 
would not only be greater than 1s required by this 
Law, but its Velocity would at leaſt be twenty- 8 
ſix Times greater than that of the Moon, thou 
it be removed to a vaſt Diſtance from the Earth, 
in reſpect to the Moon's Diſtance from the Earth: 
And therefore in this reſpect, the Analogy of the 
Celeſtial Motions would be diſturbed. 

T9 theſe Arguments I ſhall add others, where- 
by it will clearly appear, that the Motion of the 
Earth is a neceſſary Conſequence of the Laws of 
Nature, which are deduced from Phenomena. 

Bb 4 All 
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1619. All Bodies graviate towards one another (137 1.), 


1620. 


therefore the Sun and Earth do; but the Motion 


whereby theſe Bodies tend towards one another, is 


deduced from direct Obſervations. Whichſoever 
of theſe Bodies move about, the other deſcribes 
Area's by Lines drawn to the Centre of it, pro- 
portional to the Times; which is evident from 
Aſtronomical Obſervations; therefore the Body 
moved is retained in a Curve by a Force, which 
is directed towards the Centre of the other (257.). 
Now as Re- action is always equal to Action (175.), 
unleſs the Laws of Nature, which obtain conſlantly 
every where, be wholly overturned, theſe two Bodies 
tend towards one another with equal Motions ; 
that is, with Celerities that are inverſly as their 
Maſſes (1604). 

The Quantity of Matter in the Earth is next 
to nothing, in compariſon to the Quantity of 
Matter in the Sun, as we ſhall ſhew in the fol- 
lowing Chapter; wherefore the Sun muſt move 
very ſlowly, whilſt the Earth comes towards it very 
ſwiftly. 


Whence it follows, that the Earth is carried 


round the Sun, leaft it ſhould fall upon the Sun 
by that very violent Motion whereby 1t is retained 
in its Orbit (248.). 

This Motion of the Earth is alſo deduced from 
the ſame Principles another Way. 

Two Bodies that are carried towards one ano- 
ther by any Force, will at laſt concur, or conti- 
nually recede from one another, unleſs each of 
them be ſo moved, as to have a centrifugal Force 


equal to the Force whereby it is carried towards 


1621. 


the other Body; but as the Bodies which gravitate 
towards one another tend towards each other with 
cqual Forces (173. ), theſe Bodies cannot perſevere 
in their Mytions about one another, unleſs both 
of them be ſo moved, as to have equal centrifugal 

Forces, 


K 
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Forces; which does not happen, unleſs they both 
revolve in equal Times about their common Cen- 
tre of Gravity that is, if this Propoſition be ap- 
plied #9 the Sun and Earth, unleſs they both 
move about a Point, whoſe Diſtance from the 
Centre of the Sun is to its Diftance from the Cen- 
tre of the Earth, as the Quantity of Matter in the 
Earth is to the Quantity of Matter in the Sun. 
(266. 267). This Point or Centre of Gravity 
muſt of Conſequence be very near to the Sun's 
Centre. Now fince whichſoever of theſe Bodies 
moves, it perſeveres in its Motion about the other, 
it follows, that both of them are affected by the 
Motions ahove-mentioned, and that the Sun is 
moved but a little, whilft the Earth deſcribes a 
very great Orbit. Whence it follows, that the | 
Motion of the Earth cannot be denied by any 
one who reaſons from the Laws of Motion that N 
are deduced from Phænomena. 
Having proved the annual Motion of the Earth, 
and brought back the Earth amongſt the Planets, 
there remains but little Difficulty in Relation to 
the Motion of it about its Axis; for no Body that 
believes the annual Motion, doubts of this; a f 
great many who allow of the Motion about the 1622. 
Axis, deny the annual Motion; therefore it will | 
be enough to obſerve by the bye, that all the 
Planets, concerning which any Obſervations could 
be made in reſpect of this Motion, do move about 
their Axes, and that the Earth has ſuch a Motion, 
the uniform diurnal Motion in Bodies at any Di- 
ſtances, does plainly enough ſhew. To which 
we muſt add, that the Celerity of the fixed Stars 
going through one whole Revolution in leſs than 
24 Hours, can hardly be more probable than it is 
conceiveable. 
This Motion alſo is diſagreeable to the Nature 
ef all the Heavenly Bodies; for if they are 2 1623. 
ro a 
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round, they muſt every Day with an equable 
Motion, deſcribe Circles that have the Earth for 
their Centre; that is, they muſt, by Lines drawn 
to the Centre of the Earth, ſweep through Area's 
proportionable to the Times, and be retained in 
their Orbits by Forces which are directed towards ri 
the Centre of the Earth (237. ), and by which (by Sy 
Reaſon that Action and Re-attion (175), are m 
equal) the Earth muſt alſo be continually attracted 1 
towards thoſe Bodies; ſo that it muſt neceſſarily th 
be agitated by a very violent Motion; whence it 
appears, that the diurnal Motion muſt not be re- 
ferred to the Heavenly Bodies, but to the Rota- 
tion of the Earth about its Axis. 
:624. Thoſe who obſtinately affirm that the Earth is 
at Reſt, object that Bodies, upon the Surface of the 
Earth, muſt (on Account of their centrifugal ( 
I 
| 
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Force) recede from the Earth, along a Tangent 
to a Circle parallel to the Equator (248). We 
anſwer, that the Bodies in the Places where they 
are, are carried round with the ſame Motion as 
the Surface of the Earth; and therefore, that in 7 
reſpect of the Points of the Surface, they endea- 
vour to recede in Lines perpendicular to the Axis | 
(253.); but alfo that Bodies by Gravity tend to | 
the Centre of the Earth (1595); and therefore | 
by a Motion compounded of both theſe, the Body 
is continually moved, or endeavours to move (174. 
154.); but becauſe the firſt Motion is extremely 
{mall in reſpect of the other, a Heavenly Body is 
turned but very little out of its Direction towards 
the Centre, and the Gravity 1s a little diminiſhed, 
ſo much the more as the Place is more diſtant from 
the Pole ; which agrees with Experience: We 
ſhall hereafter ſhew, when we come to ſpeak of 
the Figure of the Earth, that the above-mentioned 
Direction of heavy Bodies, is every where directed 
perpendicularly to the Surface of the Earth, which 

15 


e 


TE »* on ww my 2 Of ST _ = 


of the Newtonian Philoſophy. 


is not exactly ſpherical. A Body which is thrown 
upwards, 1s acted upon not only by the Motion 
wherewith it is thrown up; but it is alſo carried 
by the Motion that is impreſſed to the Perſon or 
Machine that impels the Body, that is, it is car- 
ried by the Motion which is common with the 
Surface of the Earth; and therefore the Body 
moves in the fame Line (the Line being carried on 
with the Surface of the Earth) as it would do if 
the Earth was at reſt, | 


CH A P. XIV. 
Concerning the Denſity of the Planets. 


B Efore we proceed to the Phyſical Explana- 
tion of the Syſtem, we muſt determine the 
Quantities of Matter in ſome Bodies, and their 
Denſities, which being known, the Effects of the 
Laws, by which theſe Bodies are governed, will 

more eaſily appear. | 
The Quantities of Matter in different Bodies 
are to one another as the Gravities at the fame 
Diſtance from theſe Bodies (1 572.) ; which Gravi- 
ties are to one another inverſly as the Squares of 
the Periodica} Times of the Bodies revolving a- 
out thoſe different Bodies at the ſame Diſtance 
(268.). By multiplying the Quantities which are 
in this Ratio, by the ſame Quantity, (viz.) b 
the Cube of this Diſtance, the Ratio of theſe 
Quanrities will not be changed ; which are therefore 
to one another as the Quotient of the Diviſions of 
the above-mentioned Cube by the Squares of the 
Periodical Times aforeſaid : But the Quotient of 
ſuch a Diviſion is found for any Body, by divid- 
ding the Cube of the other Diſtance, let it be 
what it will, by the Square of the Periodical Time 
of the Body revolving at that Diſtance ; for ſuch 
Quotients are equal to one another, for all * 
| | . 


379 


ö 
, 
f 
f 
, 


380 


An EXPLANATION 


that revolve about the ſame Body at any Diſtances; 


as follows from the Equality of the Ratio between 
the Cubes of the Diſtances, and the Squares of 
the Periodical Times at thoſe Diſtances (133 1.): 


1625. From which we deduce, that the Quantities of 


Matter in any Bodies in our Syſtem, are to one ano- 
ther directly as the Cubes of the Diſtances at which 
other Bodies revolve about theſe, and inverſiy as the 
Squares of the Periodical Times of theſe revolving 
Bodies. 

Theſe Things are demonſtrated by ſetting aſide 
the Agitation of the Central Body, whoſe Quan- 
tity of Matter is enquired after. 

'B Reaſon of the Sun's Magnitude, in Reſpect 
of Venus, ex gr. which alone we conſider of the 
Planets, the Sun is ſcarce moved by the Action of 
that Planet (1604.): And Yenus may be conſidered 
as moving about a quieſcent Body. 

The Satellites of Faupiter and Saturn are indeed 
carried by the common Motion along with the 
Primary Planets ; but by reaſon of the Magnitude 
of the Primary Planets; they are carried about 
them as about Bodies that are at Reſt. 

But the Moon acts ſenſibly enough upon the 
Earth, and moves it; wherefore betore we can 
compute the Motion of the Moon by the help of 
the aforefaid Rule (1625.), in order to compare 
the Quantity of Matter in the Earth with the 


1626. Quantities of Matter in the Sun, Jupiter and Sa- 


turn, we muſt determine the Diſtance at which the 
Moon would move about the Earth, if it was at Reſt 
(that is, not carried about by the Action of the Moon,) 
in the ſame Periodical Time in which it now performs 
its Revolution. Here alſo we don't take Notice of 
the Motion that is common to the Earth and 
Moon, by which they are both carried about the 
Sun. 

The Moen perſeveres in its Motion about the 
Earth ; therefore the Earth and Moon are moved 


about 
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about a common Centre of Gravity; as follows 
from what has been demonſtrated concerning the 
Earth and the Sun (1621.), and the Moon (with 


that Force with which it tends towards the Earth,) 


revolves in an Orbit, whoſe Semi- Diameter is the 
Diſtance of the Moon from the aforeſaid common 
Centre of Gravity of the Moon and the Earth. 

Let L be this Diftance of the Moon from the 
common Centre of Gravity; T the Diſtance of 
the Earth from the ſame Centre, LT therefore 
is the Diſtance of the Moon from the Earth, and 
is 60 4 Semidiameters of the Earth; for here we 
conſider the mean Diftance. Let D be the Di- 
ſtance which we would have, at which the Moon, 
by its Gravity towards the Earth, would move 
about the Earth, if it was at Reſt, in the ſame 
Time in which it is now moved about the common 
Centre of Gravity at the Diſtance L. 

By Reaſon of this Equality of the Periodical 
Times, the Force whereby the Moon would be 
kept in its Orbit at the Diſtance D, is to the Force 
whereby it is kept in its Orbit at the Diſtance L, 
as D to L (264.). 

But the Force whereby the Moon would tend to 
the Earth, and be kept in its Orbit at the Di- 
ſtance D, is to the Force whereby it is now kept 
in its Orbit at the Diſtance LET, as L+T? 
is to D4 (1571). Therefore 

D, L.:: LTT Dy 
Conſequently D = LXL＋T ITI, and Dex L+T 
=LxL + T<: Whence we deduce the following 
Proportion : 

LT, D:: LT, L. 

Therefore LT, D:: L+T, is to the firſt 
of two mean Proportionals between L + T 
and L. 

LI is to L, as the Quantity of the Matter 
in the Earth and Moon, taken together, is to the 
Quantity of Matter in the Earth alone (266. 2 
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which Quantities of Matter, as we ſhall ſhew 
hereafter, are to one another, as 40, 31 to 39, 3m; 
and the firft of two mean Proportionals to theſe 
Numbers is 39.984 3 therefore 39 984 is to 40.31 
as 60 3; to the Diſtance requir'd, which is found 
to be 60 Semidiameters of the Earth. | 

Concerning this Operation it is to be noted, 
that the Diſtance D cannot be diſcovered, unleſs 
the Ratio between the Maſs of the Moon and the 
Earth be known, which cannot be determined un- 
leſs the Ratio between the Denſity of the Sun and 
the Earth be found; to diſcover which, it is ne- 
ceſſary that the Diſtance D be known. Where- 
fore D is diſcovered at firſt by Trials, and is ex- 
actly determin'd by Approximation. But it is 
certain, that this is 60 Semidiameters of the 
Earth ; becauſe, this being ſuppoſed, it is found 
that the Ratio between the Quantities of Matter 
of the Moon and the Earth is as 1 to 39.311, as 
we ſhall fee hereafter; by making uſe of which 
Proportion, this Diſtance 1s diſcover*d to be 60 
Semidiameters, as we have thewn. 

Theſe Things being premiſed, we proceed to 
the Compuration. 

The Diſtance of Venus from the Centre of the 
Sun is 723, and its Periodical Time is 19414160 
(1316.). | 

The fourth Satellite of Jupiter is diſtant from 
the Centre of Japiter 12,4775 ſuch Parts of which 
Venus is diſtant from the Sun 723: The Periodical 
Time of this Satellite is 1441929“ (1328.). 

The fourth Satellite of Saturn is diſtant from the 
Centre of Saturn 8, 3 10% of the ſame Parts; and 
its Periodical Time is 1377674" (1329.). 

Laſtly, the Diſtance of the Moon is 60 Semi- 
diameters of the Earth from its Centre, and 3,054 
of the aforeſaid Parts. Its mean Periodical Time 
is 2360380 (1327.). 


If 
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; If you divide the Cubes of theſe Diſtances reſpe- 1628. 
| ctively by the Squares of their Periodical Times, 
you will have in the Quotients, Numbers which 
are to one another as the Quantities of Matter in 
| the aforeſaid Central Bodies (1625.); which Quo- 
tients are to one another as the following Num- 
| bers, if we except the Earth, about which a 
| Correction has been uſed ; becauſe, as we have al- 
| ready ſhewn (1594.), the Gravity of the Moon 
| upon the Earth is diminiſhed by the Action of the | 
Sun by 783 Parts; therefore the Quantity of Mat- 
ter found out, was to be augmented in the Ratio 
of 182 to 182, as we have done. 
| The Duantities of Matter. 1629. 
In the Sun, Fupiter, Saturn, the Earth, the Moon. 
I0000. 9, 305. 3,250. 0,0512, O©,0013. 

Alſo from Aſtronomical Obſervations, the Pro- 
portion of the Diameters of theſe Bodies is given 
in ſuch Parts, whereof the Diameter of the Sun 
contains 10000, viz. the Diameter of Jupiter is 
997, of Saturn 791, and of the Earth 109. 

If the Quantities of Matter aboveſaid be divi- 1630. 
ded by the Squares of the Diameters, the Quo- 
tients will be to one another as the Weights on the 
.Surfaces of the aforeſaid Bodies (1696.); and theſe 

> Quotients are as the following Numbers. 


Gravities 55 the Sun, of Jupiter; of Saturn; 163 T. 


10000, 
* of the Earth ; 


431. 146. 
If you divide theſe Numbers by the Diameters, 1632. 
you will have the Proportion of the Denſities of 


thoſe Bodies ( 1 600.). 
The Quotients found by theſe Diviſions are as 
the following Numbers. 
Of the Sun, of Jupiter, of > << 1633. 
ö 10000. 395. 507. 
Denfities 55 the Earth, F of the Moon, 
39539. 48911, 


We 
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We ſhall determine the Denſity of the Moor in 
the laſt Chapter; but we add it here, that it may | 
be more eaſily compared with the reſt. 

It is not probable that the aforeſaid four Bodies 

1634. are homogeneous. From whence it follows, that 
the Denſities cannot be exactly determin'd; where- 
fore we only determine the mean Denſities, that is, 
which the Bodies would have, if the ſame Bodies, 
keeping the ſame Quantity of Matter and Bulk which 

. they now have, ſhould be homogeneous. 

1635. The above-mention'd Proportion (1633.), between 
the Denſities, in reſpect of all the Bodies, and the 
reſt of the Computations in reſpeft of the Sun, Ju- 
piter, and Saturn, are free from any ſenſible Error; 
when they are compared with the Earth there may be 
ſome Error, which muſt be corrected by Obſerva- 
tions to be made hereafter; for we ſuppoſe: the 
Diſtance of the Moon (which is 60 Semidiameters of 
the Earth) to be ſuch 3,054 Parts, of which FYenus 
is diſtant from the Sun 723, that is, of which the 
Earth 1s diſtant from the Sun 1000 (1316.13 17.) 

Which Diſtance of the Moon is diſcover'd by 
ſuppoſing the Horizontal Parallax of the Sun 
100 30“; which cannot be look'd upon as abſo- 
lutely true, although it be deduc'd from the moſt 
exact Obſervations that have hitherto been made, 
of the Parallax of Mars, when it is neareſt of all 
to the Earth, which is too ſmall to leave us with- 
out ſuſpicion of ſome Miſtake (1 466.). 

1636, But the Error in not determining truly the Pro- 
portion between the Semid iameter of the Earth and 
the Diſtance from the Sun, does not change the 
determin'd Denſity of the Earth, as is deduc'd 
from Compurations made about it. 

For it follows from theſe, that the Denſities of 
Bodies are to one another in a Ratio compounded 
of the direct Ratio of the Cubes of the Diſtances of 
the Bodies carried about, and the inverſe Ratio 7. 


4 1 rng ä nem mae n r 


bk. 


„ = x. 3. ©... 3. £35.49. 205 £5. 4... 


9 A 
* — 


of the Newtonian Philoſophy. 

the Squiares of the Periodical Times of theſe re- 
volving Bodies (1628): As alſo of the inverſe 
Ratio of the Cubes of the Diameters of the Central 
Bodies whoſe Denſities are requir d (1630. 1632;) 3 
the Ratio compounded of theſe, is compounded of 
the direct Ratio of a Fraction, whoſe Numerator 
is the Cube of the Diſtance of the revolving Body, 
and whoſe Denominator is the Cube of the Dia- 
meter of the Central Body, and the inverſe Ratio 
of the Square of the Periodical Time of the Body 
carried about. But you have ſuch a Fraction, if 
you know the Ratio between the Diameter of the 
Central Body, and the Diſtance of the revolving 
Body from that Centre, although this Diſtance 
as be eb 'd with no other; but this Ratio is 
given in reſpect of the Earth and Moon, as well 
as in reſpect of the other Bodies; wherefore alſo 


the Ratio of the Denſity of the Earth to the 


Denſities of the other Bodies is exactly diſcover'd. 


CHAP. XV. 


The Phyſiral Explanation of the whale 
Planetary Syſtem. 


N the firſt Part of this Book we have ſhewn 

what are the Motions of the Bodies in the 
Planetary Syſtem; now we muſt explain how 
theſe Motions follow from the Laws of Nature 
(168, 171, 175, 1571, 1572, 1573.); that is, 
how theſe Bodies, being once put in Motion, per- 
ſevere in thoſe Motions which we obſerve. 


383 


Let us conceive the Sun and Mercury to be left 1637. 


to themſelves, and they will come together (1 571.); 
bur if they be projected, they may revolve about 
a common Centre of Gravity in equal Times, and 
deſcribe immoveable Ecliptick Lines (1621, 1573, 
274.); and perſevere in that Motion; for it is 
plain, by a „ Demonſtration, which 
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we have given in our Scholiums; in that Caſe, that 
the Bodies will deſcribe Ellipſes about the common 
Centre of Gravity, ſimilar to that which one of 
them could deſcribe with the ſame Forces about 
the other, if it was at Reſt: This Centre, on Ac- 
count of the Sun's Magnitude (267.), is very lit- 
tle diſtant from the Centre of the Sun itſclf. 

Let us conceive, beſides, Venus to be projected 
at a greater Diſtance from the Sun, it will à little 
diſturb the Motion of Mercury, which alſo by its 
Action upon Venus, will turn it a little out of the 
Way, and both will draw the Sun, ſometimes the 
ſame Way, and ſometimes different Ways; bur 
we find all theſe Irregularities are inſenſible, if we 
conſider the Magnitude of the Sun; and therefore 
that theſe three Bodies tend towards a Point that 
is between them near the Sun; which therefore is 
very little diſtant from the common Centre of 
Gravity of them all. 

If the Earth, Mars, and the other Planets be 
ſucceſſively projected at different Diſtances from 
the Sun, the ſame Reaſoning will hold good. 
Whence it follows, that all the Planets are revolv'd 
about the common Centre of Gravity of all the Bodies 
which compoſe the Syſtem, which is but a little diſtant 
from the Sun, and that the Planets do not ſenſibly 
diſturb one another in their Motions ; wherefore 
they all deſcribe the ſame Lines fingly, which they 
would deſcribe about the Sun, if every one of them 
was alone with the Sun in the Planetary Syſtem ; 
that is, immoveable Ellipſes: For it is plain, that 
theſe will be deſcnb'd by the Force of Gravity 
(1573. 274.); and it is ſhewn (283.), that no 
other immoveable excentrick Lines can be deſcrib'd 
by a Central Force acting equally at equal Di- 
ſtances. 

It will alſo more plainly appear, that all the 
Planets tend to a Point near the Sun, if we con- 
ſider that the Quantity of Matter in the Sun is 2 

1 thouſand 
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thouſand times, and more, greater than the Quan- 
tity of Matter in Jupiter, which is far the greateſt 
of all the Planets (1629.). | 


When all the Planets move, though they move 1642. 


the Sun but little, yet they do move it, and draw 
it differently, according to their different Situation 
in reſpe& of one another; whence there ariſes a 
ſmall Motion in the Sun, which always depends 
upon the Motion already acquir'd, and the Change 
which happens in it from the Action above-men- 
tion'd, which varies every Moment. 


It is owing to this Agitation of the Sun, that the 1643. 


Planets diſturb one another leſs in their Elliptick Mo- 
tions round the Sun, than if the Sun was at Reſt in 
the Middle of the Syſlem. If Jupiter, for Example, 
was equally diſtant from Mercury and the Sun, it 
would attract both thoſe Bodies to itſelf with an 
equal Celerity (1604. 1605.)z whence the Situa- 
tion in reſpe& of the Sun is lefs chang'd than if 
the Sun was not agitated by this Motion, and 
Mercury only was attracted by Jupiter According 
to the various Diſtances of Mercury and the Sun 
from Jupiter, the one or the other is more attracted, 
and there is always a leſs Change in their reſpe- 
ctive Situation, when both are carried the ſame 
Way, than if (the Sun being at Reſt) Mercury 
only ſhould be carried towards Jupiter. 

This Reaſoning may be applied to all the 
Actions of the Planets that are more diſtant from 
the Sun upon thoſe that are leſs diſtant. As to 
what relates to the Action of thoſe that are nearer 
upon thoſe that are farther from the Sun, accord- 
ing to the different Situation they draw a Planet 
to the Sun, or drive it from the Sun, and in con- 
ſidering one whole reſpective Revolution, that is, 
the Motion from one Conjunction to another, the 
Diſturbance is leſs than if the Sun was immoveable. 


The Magnitude of the Sun, compar d with the reſt 1644. 


of the Bodies of our Syſtem, is the Reaſon (as appears 
Cc 3 by 
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by what has been already demonſtrated) that the 
Planets diſturb one another but little; but ſince this 

nitude- is infinite, theſe mutual Actions 
muſt not be wholly overlook'd. _. | 
We have faid, that it appears by Aſtronomical 
Obſervations, that Jupiter alters the Way of Sa- 
turn when 1t 1s neareſt to it (1583.); why this 
Diſturbance is more ſenſible than the reſt; is de- 
duc'd from the Law of Gravity. | 

1645. The Actions of Jupiter upon Saturn, when it is 
neareſt to it, and of the Sun upon the ſame Pla- 
net, by which it is kept in its Orbit, are to one 
another directly as the Quantities of Matter in 
Jupiter and the Sun (1572.) (viz.) as 9.305 to 
10000 (1629.), and inverſly as the Squares of the | 
Diſtances of Jupiter and the Sun from Saturn | 
(1630.), that is, directly as the Squares of 954, 

434 ; for the Diſtances of Saturn and Jupiter from 
the Sun are almoſt as 954 to 520 (1319. 1320.); 

1646. wherefore when Jupiter is neareſt to Saturn, the 
Diſtances of Saturn from Jupiter and the Sun are 
in that Ratio. The Ratio compounded of the 
two aforeſaid Ratio's is as 45 to 10000, or as 1 
to 222, this Action of Jupiter conſpires with the 
Gravity of Saturn towards the Sun, and therefore 
encreaſes it 75 Parts: Whence it is no Wonder 
that the Diſturbance is ſenſible. 

1647. We don't here conſider the Force by which 
Jupiter attracts the Sun, for the Orbit of Saturn is 
not chang'd by it; and what we had to explain 
was, why Aſtronomers obſerve Saturn to be rurn'd 
out of the Way; yet by the Action of Jupiter 
upon the Sun, the Sun is brought nigher to Saturn, 
and the reſpective Situation of theſe Bodies is more 
diſturb'd, than is diſcover'd by Aſtronomical Ob- 
ſervations. The Force with which Jupiter in the 
aforeſaid Poſition attracts the Sun, and with which 
therefore the Sun is attracted towards Saturn, * 
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the Force with which Jupiter attracts Saturn, as the 
Square of the Number 434 to that of 520 (1573.) 
that is, as 31 to 45, which Number expreſſes the 
Force with which Saturn tends towards Jupiter, 
when the Gravity of Saturn towards the Sun is 
expreſſed by 10000, If we collect into one Sum 
the Forces of Jupiter, by which it attracts Saturn 
and the Sun; the Force, by which, from the In- 
terpoſition of Fupiter, theſe Bodies tend towards 
each other, will be to the Gravity of Saturn to- 
wards the Sun, as 76 to 10000 ; but this Gravity 


is to the Gravity of the Sun towards Saturn, as 1648. 


10000 to 3.25 (1572. 1629.). Wherefore the mu- 
tual Acceſs or Approach af the Sun and Saturn, is to 
the Increaſe of this Approach by the Action of Jupiter 
interpoſed, as 10003 to 76, or, as 121 to 1. This 
Diſturbance is remarkable, and far the greateft of 
any that happens in the Motion of any of the 
Primary Planets ; this alſo obtains only in this one 
Caſe of the Conjunction; for when Jupiter re- 
cedes from Saturn, the Diſturbance of the Motion 
of Saturn in a ſhort time becomes inſenſible. 


In the ſame Poſition of Jupiter, when it is 1649. 


neareſt to Saturn, the Force of Saturn, although 
it be the greateſt of all in this Caſe, does not ſo 
ſenſibly alter the Way of Jupiter about the Sun. 
The Action of Saturn attracting Jupiter, is to its 
Action, by which it attracts the Sun, as the 
Square of 954 to that of 434 (1573); therefore 
it attracts Jupiter with greater Celerity ; and 
ſince they afe both attracted the ſame Way, the 
difference of theſe Forces is the Force with which 
(by the Action of Saturn) Jupiter and the Sun 
are ſeparated from each other (327.); which is 
therefore to the Gravity of the Sun towards Sa- 
turn, as the Difference of thoſe Squares is to the 
laſt; that is, nearly as 72 is to 19. But this Gra- 
vity of the Sun towards Saturn, is to the Gtavity 
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of Jupiter towards the Sun, as 3,25 is to 10000 
(1572. 1629.), and as 520 ſquar'd is ro 954 ſquar'd 
(1873); that is, as 19 to 19509: Therefore the 
diſturbing Force of Saturn is to the Gravity of 
Jupiter towards the Sun, as 72 to 19509, or as I to 
2703 3 therefore by the greateſt Action of Saturn, 
the Gravity of Jupiter towards the Sun is diminiſb d 
only by a 5553 Part, which Diſturbance is inſenſible. 

The other mutual Diſturbances of the Planets 
are much leſs, as will appear by determining that 
which is the greateſt of them all, (vig.) that of 
Mars by Jupiter, which is diſcover'd by the ſame 
ſort of Computation as the foregoing. 

The Diſtances of Japiter from Mars and the Sun, 
when Mars is between the Sun and Jupiter in the 
ſame Line, are as 3677 to 3201 (1318. 131990 
wherefore the Forces with which Jupiter attracts 
theſe Bodies, are inverſly as the Squares of theſe 
Numbers, that is, nearly as 2 to 1 (1373. ); the 
Difference of which Forces is equal to the laſt, that 
is, to the Gravity of the Sun towards Jupiter. 
This Gravity of the Sun towards Jupiter, is to 
the Gravity of Mars towards the Sun, as 9,305 to 
10900 (1572. 1629.), and inverſly as the Squares 
of the Diſtances of rheſe Planets from the Sun 
(1573.), and this compound Ratio is 1 to 12512; 
and ſo the diſturbing Force of Jupiter is to the 
Gravity of Mars towards the Sun in that Ratio; 
wherefore the Gravity of Mars towards the Sun is 
diminiſb d only a 75:5 Part bythe Action of Jupiter 
when neareſt to it. 

Although theſe Diſturbances, ariſing from the 
Actions of the Planets upon each other, be very ſmall, 
and although thoſe which happen in a — 


Poſition of the Planets, do in ſome Meaſure com- 
penſate each other, yet the Proportion in which 
the Force, which keeps the Planets in their Orbits, 
decreaſes, is a little chang'd by theſe Actions, ſo 
that it does not decreaſe exactly in an = 
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| Ratio of the Square of the Diſtance: Therefore 
although the Orbits are at Reſt as to Senſe, after 

| a great many Revolutions, a ſmall Change is obſerv*'d 

f in their Situation (278. 1287.). 

From all this it follows, that if we ſuppoſe the 1655. 
Planets at firſt once projected at the Diſtances 

| from the Sun at which they are mov'd, they will, 

by the Laws already explain'd, perſevere in thoſe 
Motions ; and the 3 of the Orbits de- 
pends upon the Celerity and Direction of the firſt 
Projection. But theſe Morions may be preſerv'd 

very long, by reaſon of the ſmall Reſiſtance of 

the Celeſtial Matter. (16153) 

It is alſo plain, why by Lines drawn to the 1656. 
Centre of the Sun, they deſcribe Areas propor- 
tionable to the Times; vg. becauſe all other Gra- 
vities in the Syſtem are very ſmall, in reſpect to 
the Gravity towards the Sun (1641); therefore 
by this Gravity alone it is that they are retain'd 
in their Orbits, whence follows this Proportion of 
the Areas (256.). 

Alfo the Motions in Elliptick Lines, which are 1657. 
carried on very ſlowly, follows from the Law of 
Gravity; and theſe Lines wou'd alſo be immove- 
able, if the Planets gravitated only towards the 
Sun (274. 1573.); but this flow Motion of the 
Orbits is deduc'd from the Action of the Planets 
upon one another (1654.). : 

Now in reſpe& to the Proportion which is ob- 1658. 
ſerv*d between the Cubes of the Diſtances, and the | 
Squares of the Periodical Times, it is alſo deduc'd | 
from the Law of Gravity (271. 1573.). So that l 
if we add to theſe what we have faid of the De- | 
flection of Saturn, (1583. 1646.) nothing will re- | 
main to be explain'd in reſpect to the Primary f 
Planets. 

That the Motion of Comets depends upon the Lac 1659. 
of Gravity, is alſo deduc'd from Obſervations ; 
and in reſpect of them, as has been ſaid concer2- 
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ing the Planets, the Sun's Gravity prevails, and 
by that Gravity they deflect from a rectilinear 
Courſe (1337. 257.); but that the Curvature of 
their Way depends upon the fame Gravity, fol- 
lows from this, that a Body by that Gravity will 
deſcribe an Ellipſis, or a Parabala, or an Hyper- 
bola (274. 276. 235.); which Lines it appears that 
thoſe Comets have deſcrib'd, whoſe Traje- 
ctories have been determin'd. 


14660. The Satellites of Jupiter and Saturn are mov'd by 


166r. 


the ſame Laws about their Primary Planets, as the 
Primary ones are mov'd about the Sun (1301. 1323. 
1331.); wherefore the Explication of thoſe Mo- 
tions (163 f.) may be allo referr'd to them; for in 
theſe three Caſes, ſmaller Bodies are revolviag at 
different Diſtances about a much greater Body, viz. 
Satellites about Jupiter and Saturn, and Primary 
Planets about the Sun. 

Whilſt Secondary Planets are moved about a Pri- 
mary one, it is evident that they may all be moved 
with one common Motion, whereby the reſpective 
Motions with which they are mov*d in reſpect of 
each other, will not be diſturb'd,” becauſe a Body 
may at the ſame time be mov'd by different Im- 

reſſions (171.): The Motion t a Primary 
lanet has in common with its Satellites, is the 
Motion of a Primary Planet about the Sun. 

Zet the Motion of the Secondary Planets is diſturb'd 
by the Action of the Sun, towards which they are 
carried ſometimes faſter, and ſometimes flower, 
according to the different Poſition of the Primary 
Planet; and they alſo often concur towards the 
Sun's Centre in different Directions. Theſe Irregu- 
larities, which are very ſmall, cannot be obſerv'd 
in the Satellites of Jupiter and Saturn, though 
they be really like thoſe which are obſerv'd in the 
Motion of the Moon ; the leaſt Deviation of this 
laſt is very ſenſible to us. But the Irregularities Fed 
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the Moon will follow exactly from the Theory of 
Gravity, as will appear in the next Chapter, 


CHA P. XVL 
The Phyſical Explication of the Moon's 
Motion. 5 


1 T is certain that the Moon and Earth having 
once a projectile Motion given them, they can 
perfevere in their Motion about their common 
Centre of Gravity (1637.), if they be carried any 
Way by a common Impreſſion directed in parallel 
Lines, as was ſaid of the Satellites of Jupiter and 
Saturn (166 1.) ; this Motion will not diſturb the 
Motion about the common Centre of Gravity, 
which alone will follow that Direction, becauſe 
in reſpect of the two Bodies it is at Reſt. But the 
Bodies are carried by a Motion compounded of 
that Impreſſion, Xs of the Motion about the 
common Centre of Gravity (174); that is, they 
are whirl'd about that Centre as it is carried along, 
as before irs Motion, when it was at Reſt. It 
every Moment new Impreſſions common to both 
the Bodies act upon them, the Way of the Centre 
of Gravity may be chang'd every Moment, which 
Change will be like that which the Bodies them- 
_ wou'd undergo, if they had no reſpective 
otion. 


393 


Hence we deduce, that if whilſt the Moon and 1664, 


Earth are whirl'd round their common Centre of 

Gravity, they are both projected, the Way of the 

Centre of Gravity, by the Action of the Sun act- 

ing upon both Bodies, is the ſame as a Body pro- 

2 in the ſame manner wou'd deſcribe about 
. 


Whence it follows, that the Moon diſturbs the 166g 


Motion of the Earth, and that the common Centre 
of Gravity of thoſe Bodies deſcribes that Orbit * 
— 
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the San, which we have hitherto ſaid that the Earth 
deſcrit®d, becauſe we overlook' d the Action of the 
1666. Moon; but the Earth deſcribes an irregular Curve. 
1667. Let the Sun be at S; and F, the common Cen- 
pl. XVII tte of Gravity of the Moon Q, and the Earth M, 
N 2 at the time of che Full Moon, after one Luna- 
tion, that is, the next Full Moon, let that Centre 
be at A, and let FDA be the Orbit which we 
call that of the Earth, and in which the Centre 
of Gravity above-mention'd does really move. 
If this Lunation be divided into four equal Parts, 
after the firſt, the Centre of Gravity will be at 
the Moon at P, and the Earth at L; after 
the fecond Part of the Time, at the New Moon, 
the Centre of Gravity will be at D, the Moon at 
R, and the Earth at I; in the following Quadrature, 
the Centre of Gravity will be at B, che Moon at 
O, and the Earth at H; laſtly, at Full- Moon 
the Centre of Gravity being at A, the Moon will 
be at N, and the Earth at G: All which follow from 
the Revolution of the Earth and Moon about their 
common Centre of Gravity, whilſt it is carried in 
its Orbit about the Sun. 
Therefore we ſee that the Earth moves in the 
Curve M LIHG, which is twice inflected in each 
Lunation; which Curve alſo does not return into 
it felf, becauſe the Inflect ions in the feveral Revo- 
lations about the Sun do not coincide; for 12 
Lunations, and about a third Part of another, are 
perform'd every Year. 4 
1668. This Irregularity of the Motion of the Earth, 
which is deduc'd from the Laws of Nature, is too 
ſmall to become ſenſible in Aſtronomical Obſervations ; 
wherefore we may, without any Error, ſay, that 
the Centre of the Earth itſelf. deſcribes the Orbit 
FDA; for MF, or DI, the greateſt Diſtance 
of the Earth from that Orbit, is about the 4oth 
Part of the Diſtance MQ which Diſtance itſelf 
is not the 300th Part of the Diſtance FS. 
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In explaining what relates to the Moon, we alſo 1669. 


negleft the Conſideration of the Motion of the Earth 
about the common Centre of Gravity above mention d, 
but we ſuppoſe it to revolve at the Diſtance of 60 
Semidiameters from the Centre of the Earth; becauſe, 
as we have before demonſtrated (1626.), ſuch is 
the Diſtance at which, in its Periodical Time, it 
could revolve about the Earth at Reſt, or be cat- 
ried along in an Orbit in which it ſhould not be 
diſturb*d by the Moon's Action. By this Method 
the Moon's Irregularities will be much mote eaſily 
diſcover'd; for they are the ſame, as is evident, 
whether the Moon revolves about the common 
Centre of Gravity of the Moon and Earth, or 
about the Centre of the Farth itſelf. 


Let S be the Sun, T the Earth, and let ALB 11670. 


be the Orbit of the Moon; and, lady, let the — XVII. 


Moon be at A in the Quadrature; it tends to- “ 3 


wards the Sun in the Direction AS, in the ſame 
Manner, and with the ſame Velocity as the 

is carried towards S along TS; becauſe the Di- 
ſtances AS and TS are equal: This Velocity may 
be repreſented by TS or AS, and the Motion 


whereby the Moon endeavours to deſcend along AS, 


is reſolved into two, by drawing the Parallelogram 
ADST, fo that the Moon endeavours to move 
along AD and AT, by Velocities repreſented by 
theſe Lines (174). ; 

By the Force which acts along AD, the Moon 
is carried with the ſame Velocity and the ſame 
Way as the Earth, becauſe of the parallel and 
equal Lines TS and AD; therefore from that 
Motion the Relation between the Moon and the 


Earth is not changed; but the Force along AT 1671. 


conſpires with the Gravity of the Moon towards the 
Earth, and this Gravity is encreaſed by the Action of 
the Sun, when the Moon is in the ratures and 
the Augmentation is to the Gfavity of the Earth 

| towards 
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towards the Sun, as AT, the Diſtance of the Moon 
from the Earth, is to T 8, the Diſtance of the Sun 
from the Earth ; but that the Forces along AT, TS 
may be repreſented by theſe very Lines, eaſily ap- 
becauſe the Gravities are Forces which act 
in the fame Manner upon moving Bodies, as upon 
thoſe at Reſt (183.); and which therefore in every 
Moment generate Augmentations of the Velocities 
in the Ratio of their Gravities (1572. 71.), in 
which ſame Ratio therefore are the Velocities ge- 
nerated in the ſame Time. 
1672, Whilſt TS, the Earth's Diſtance from the Sun, 
remains the ſame, the aforeſaid Augmentation of Gra- 
vity encreaſes and diminiſhes in the Ratio of the Line 
AT, the Diftance of the Moon from the Earth. 

But if this Diſtance A T of the Moon from the 
Earth remains the ſame; if T S be augmented, 
then will AT be leſs in reſpect of AS: Therefore 
though there ſhould be no change in the Force by 
which the Earth and Moon fall towards the Sun, 
the Au tation will be leſs, and ſo much the 
leſs, as T S is greater; which, though augmented, 
yet ſtill repreſents the ſame 3 therefore 
it will be inverſly as TS: But the Force of Gra- 
vity does not remain the fame, when TS is aug- 
mented, but is diminiſhed 3 and fo in that reſpect 
too the aforeſaid Augmentation is leflen'd, and 
that in the ſame Ratio with that Force of Gra- 
vity 3 and therefore in the inverſe Ratio of the 
Square of the Diſtance TS (1573.) ; if this Dimi- 
nution be joined to that other aforeſaid, we ſee 
1673. that the Addition, of which we ſpeak, is in the in- 
=_ Ratio of the Cube of the Earth's Diftance from 
z aun. | 

1674. The Diſtance of the Earth from the Sun remaini 
the ſame, the Gravity of the Moon towards the Earth 
decreaſes more ſlowly in the Quadratures than accord- 
ing to the inverſe Ratio of the Square of the —__— 
om 
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from the Centre of the Earth. For if the Addition, 
in this Caſe, ſhould be in the inverſe Ratio of the 
Square of the Diſtance, as the Gravity from the 
Action of the Earth does follow (1573.); this 
Ratio would not be diſturbed : But the Addition 
encreaſes at the ſame time that the Gravity dimi- 
niſhes z wherefore the Addition, when Di- 
ſtance is encreaſed, is always grerter than is re- 
quired, and conſequently the Diminution is leſs. 
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This Addition is determin'd in the mean Diſtance 167 5. 


of the Moon from the Earth, and of the Earth from 
the Sun: Let AT and TS be theſe mean Di- 
ſtances z the Addition required is to the Gravity of 
the Earth towards the Sun as AT to TS (1671.); 
alſo this Gravity of the Earth towards the Sun is 
to the Gravity of the Moon towards the Earth, (be- 
cauſe theſe Bodies are retain'd by theſe Gravities 
in their Orbits) directly as T S is to TA, and in- 
verſiy as the Square 7 the Periodical Time of the 
Earth about the Sun, to that of the Moon about the 
Earth (269. 1605.) : Therefore the Addition re- 
quir'd, is to the Gravity of the Moon towards the 
Earth, in a Ratio compounded of theſe Ratio's ; 
that is, the above-mention'd inverſe Ratio of the 
Periodical Times of the Earth and Moon, the 
other Ratio's deſtroying each other, theſe Times 
are given, and their Squares are inverſly as 1 to 
178773. 


Now let the Moon be at L, in which Situa- 1676. 


tion the Sun attracts the Moon and the Earth in 
the ſame right Line, but not equally; it draws 
the Moon with a greater Force, becauſe it is leſs 
diſtant from it: The Difference of thoſe Forces, 
is the Force by which the Moon is drawn back 
from the Earth, and by which the Gravity of the 
Moon towards the Earth is diminiſhed. 

The Forces whereby the Moon at L, and the 
Earth at T, are attracted towards the Sun, are to 


one 
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one another as the Squares of the Lines 8 T and 
SL (1573.), and the Difference of the Forces, 
that is, the diſturbing Force is to the Force by 
which the Earth tends towards the Sun, as the 
Difference of theſe Squares is to the Square of the 
Line LS, that is, nearly as twice LT is to LS or 

1677. TS: and the Difference of the Squares, whoſe Roots 
differ but little from one another, is, keeping the ſame 
Proportion, the Double of that between the Roots. 

1678. If therefore T'S, as before, repreſents the Force 
by which the Earth deſcends towards the Sun, 
L 1 will repreſent the diſturbing Force and dimi- 
nifhing Gravity, when AT repreſents the diſtur- 
bing Force in the Quadratures (1670.). | 

1679. the Moon be at I; it is again together 
with the Earth attracted by the Sun in the ſame 
Line; but becauſe the Earth is leſs diſtant, it 
moves ſwifter towards the Sun (1573.); fo that 
there is a Force which ſeparates the Earth from 
the Moon, viz. the Difference of the Forces draw- 
ing the Moon and the Earth, which Force acts 
con to the Gravity of the Moon on the Earth, 
and leflens it; in the ſame Manner as has been de- 
monſtrated of the greater Gravity of the Moon 

towards the Sun, when it was at L. Alſo at ! 
the ſeparating Force ſcarcely differs from the ſepa- 
rating Force at L; for this, as we ſce, is propor- 
tional to the Difference of the Squares of the Lines 
TS and LS, and that, as appears by a like De- 
monſtration, of the Difference of the Squares of 
the Lines JS and TS; which Differences, becauſe 
Lis but ſmall in reſpect of T8, do ſcarcely 
differ; ſo that the Force which diminiſhes the 
28 of the Moon at / is allo repreſented by 
I. 

1680. Tet the diſturbing Force is ſomewhat greater in the 
Confunction at L, than in the Oppoſition at I; for, 
ſuppoſing the Differences between the Roots wh 
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al, the Squares, keeping the ſame Proportion 
Aker ſo 1. the r are N fo, 
* the Proportion, the Forces do differ more 
at L and T than at T and}, which alſo are leſſer 

1573.0. 

0 Hence we conclude, that the Force which dimi- 1681. 
niſhes the Gravity of the Moon in the Syzypies, is the 
Double of that which encreaſes it in the Duadratures ; 
viz, as LI to AT. Wherefore in the Syzygies 
the Moon's Gravity from the Action of the Sun 
is diminiſhed by a Part, which is to the whole 
Gravity, as 1 to 89,36: For in the Quadratures 
the Addition of the Gravity is to the Gravity, as 
1 to 178,73. (1675.). 

In the Syzygies the diſturbing Force follows the 168 2. 
{ame Proportion with the Half of it, that is, with 
the diſturbing Force in the Quadratures (1281.); 
therefore it is directly as the Diſtance of the Moon 
from the Earth (1672.), and inverſly as the Cube of 
Earth's Diſtance from the Sun (1673.). 

[n the Syzygies, the Gravity of the Moon towards 1683. 
the Earth, as it recedes from the Centre of this, is 
more diminiſhed than according to the inverſe Ratio of 
the Square of the Diſtance from that Centre; for in 
that Ratio it would be diminiſh'd, if the diſturbin 
Force to be taken away did follow that invert 
Ratio; but on the contrary, as this increaſes, 
when the Diſtance is increaſed (168 2.) the Dimi- 
nution is always greater than according to the in- 
verſe Ratio of the —— of the Diſtance. 

Laſtly, let the n be at F, in any inter- 1684. 
mediate Place between the Syzygy and Quadra- 
ture, it is drawn towards the Sun along FS, by 
which, ſince it is leſs diſtant than the Earth T, it 
is drawn with a greater Force than the Earth : 
Let the Force by which the Moon tends towards 
the Sun be to the Force by which the Earth tends 
10 the ſame, as FM is to TS, which _ 
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has been made uſe of to expreſs the Gravity of the 
Earth. Let the Parallelogram F H MI be form- 
ed, whoſe Diagonal is FM, and Side FH is pa- 
rallel, and equal to the Line TS. The Moon's 
Gravity towards the Sun is refolved into two 
Forces, one along F H, and the other along FI, 
and theſe Lines denote the Forces by which the 
Moon endeavours to move along them (158.) ; 
the Force along F H is common to the Moon and 
Earth, which with an equal Force alſo tends to- 
wards the Sun along a Line parallel to this; fo 
that by this Motion of the Moon, its Situation 
with regard to the Earth is not changed, and the 
diſturbing Force will be only the Motion along F I. 

Becauf: of the vaſt Diſtance of the Sun, the 
Part MS of the Line MF is but ſmall, with re- 
gard to the whole; and the Angle FST, when 
greateſt, as AST, ſcarcely exceeds a ſixth Part 
of a Degree; whence it follows that the Lines 
MI, SN are very near each other, and the Points 
I and N are m_—_— at a ſenſible Diſtance, and 


may, without any ſenſible Error, be confounded 


together; which Error, notwithſtanding, how lit- 
tle ſoever it need be regarded, in Conſideration of 
one whole Revolution, is compenſated by a con- 
trary Error, when the Moon is at E: Therefore 
the diſturbing Force is expreſs'd by FN. 

It is to be obſerved, when the Part EF of the 
Line ES is conſider d, this may be taken as pa- 
rallel to the Line Ll, becauſe of the ſmall Angle 
which theſe Lines make with each other. 

From the Point N draw N Q perpendicular to 
the Line FT, continued out, if neceſſary, along 
which the Moon gravitates towards the Earth ; 
and compleat the right- angled Parallelogram 
FPNQ: Let us conceive the Force along FN 
to be reſolved into two Forces, acting along FQ 
and FP, and repreſented by theſe 1 in-< {158.): 

By 
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By the Force along F Q, the Gravity is leſſen'd, ; 
in the Caſe of this Figure, but it is augmented ' 
when the Point Q falls between F and I; but by 
the Force along FP, the Moon is drawn in its 
Orbit towards the neareſt Syzygy L, and the 
Motion of the Moon is accelerated or retarded, 
according as this Force conſpires with the Motion | 
of the Moon, or acts contrary to it. | 

Near a Syzygy the Gravity of the Moon 1s di- 
miniſhed, and the Line FQ, which follows the 
Proportion of this Diminution, is leſs as you go 
from the Syzygy, until it vaniſhes, at the Di- 
{ſtance of 54 Deg. 44 Min. from it; at a greater 
Diſtance of the Moon from the Syzygy the Di- 
ſtance Q falls between F and T, and from the 
Action of the Sun the Gravity of the Moon to- 
wards the Earth is augmented. | 

The Force along FP in the Syzygy Lis no- 
thing; as you go from it, the fame increaſes quite 
to the Octant, which is the middle Point between 
the Syzygy and Quadrature, and then it dimi- 
niſhes again until it vaniſhes at B. 

B-rween B and /, or J and A, the diſturbing 1687. 
Forces are determin'd after the ſame Manner as 
in rhe oppoſite lower Part of the Orbit ALB; 
at E and F the Diminution of Gravity is equal, 
and in that Situation it is drawn with a Force to- 
wards the Syzygy 4 in its Orbit, equal to the 
Force at F, by which it is impell'd towards the 
Syzygy L. 

Hence it follows, that in the Motion of ihe 1688. 
Moon from the Syzygy to the Quadrature, between 
L and B, and between I and A, the Gravity of the 
Moon towards the Earth is continually increaſed, and 
the Myon is continually retarded in its Motion. But 
in the Motion from the Quadrature to the Syzygy, 
between B and 1, and between A and L, the Gra- 
vity of the Moon is diminiſhed continually, and its 
Motion is accelerated in its Orbit, 
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The Forces upon which theſe Effects _— 
the 


may be determin*'d, by comparing them wi 
known Force with which the Gravity is augmented 
in the Quadratures (1675.), and which is repre- 
ſented by the Moon's Diſtance from the Earth's 
Centre. | 

The Lines MI, HF, ST, are equal (by Con- 
ſtruction) ; and ſo fince the Points I and N are 
coincident, MN is equal to ST, and MS is 
equal to NT. The Lines MF and ST repre- 
ſent the Forces by which the Moon at F, and the 
Earth at T, are carried towards the Sun S; there- 
fore they are as the Square of the Line TS to the 
Square of the Line FS (1573.) ; wherefore, ſince 
FG is the Difference of theſe Lines, FM and 
TS differ from one another by twice GF (1677.), 
and by adding GF to the Line FM, the Diffe- 
rence between GM and TS, that is, MS will 
be three times FG; and fo this is alſo the Quan- 
tity of the Line NT: But FE is twice FG 
(1685.); and ſo NT is to FE as 3 to 2. 

Let F T be continued out, if neceſſary, and 
from E draw E V perpendicular to it; the right- 
angled Triangles EVF, and NQT, will be 
fimilar, becauſe of the alternate Angles VFE and 
QTN (1685. 29. 1 Elm.): Therefore N T is to 
FE, that is, 3 is to 2, as NQ equal to F P, is 
to EV, which therefore is proportional to two 
third Parts of the Force, which is expreſs'd by 
FP. But EV 1s the Sine of the Angle E T V at 
the Centre, being the Double of the Angle EF V 
at the Circumference (20. 3. Elm. ), equal to the 
Angle FT L, the Moon's Diſtance from the Syzygy. 
Therefore as the Radius T A or TE is to once 
and a half the Sine of twice the Diſiance of the Moon 
from the Syzygy, viz. to FP, ſo is tbe Addition of 
the Gravity in the Duadratures, which is expreſs d by 
the Radius T A, to the Force which accelerates or 
retards the Motion of the Moon in its Orbit. hs 
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The Computation of the Diminution of Gra- 
vitv, as alſo of the Augmentation of it in a leſſer 
Diſtance from the Quadratures, is alſo deduced 
from theſe Principles. 

Let this Diminution be repreſented by the Line 1692. 
FQ which is equal to QT, Minus the Radius; but 
from the Conſideration of the Triangles aforeſaid, 
once and a half VF is equal to QI; and there- 
fore once and a half V T Plas one half the Radius 
expreſſes the Diminution of Gravity ſought. And 
the Radius is to the Sum, or Difference, of once and a 1697; 
half the Co- ſine of twice the Moon's Diſtance from 
the Syzygy and half the Radius, as the Addition of 
Gravity in the Quadratures, is to the Diminution or 
Augmentation of the Gravity in that Situation of the 
Moon, about which the Computation is made. 

We uſe the Difference between the Co- ſine and 
half the Radius, when the Angle of which it is | 
the Co- ſine, is greater than a right Angle; becauſe 
in that Caſe we uſe the Co- ſine of the Complement 
of the Angle to two right Angles; when in the | 
ſame Caſe the Co- ſine and a half, which we uſe, 1 
is greater than half the Radius, the Quantity | 
found out is to be added, that is, increaſes the 
Gravity which obtains every where between the | 
Quadrature and 35 Deg. 16 Min. from it. | 
Theſe Forces, whatever is the Figure of the Moon's 169. 
Orbit, are exaftly determin'd; for they are, com- 
par'd with the Addition of Gravity in the Quadra- | 
tures, ſuppoſing the Moon in the Quadrature to | 
be at the ſame Diſtance from the Earth, at which 
it really is in the Place which is conſtder'd ; but 
this Addition is diſcover'd in every Caſe (1675. 
1673. 1672.). 
Though it be foreign to the Purpoſe of this 
Work, to give a Computation of the Moon's 
Motion, I thought it neceſſary to explain, in a few 
Words, what is the Method whereby to _— 
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the Forces that govern the Moon; becauſe the 
more exactly we know the Forces, the more eaſily 
we ſhall conceive their general Effect. 

Now to examine the Moon's Motion, we muſt 
ſingly confider its ſeveral Irregularities; which to 
do without Confuſion, we muſt remove ſeveral 
Irregularities in the beginning of this Examination, 
and conceive the Moon as moving in a Circle 
about the Earth, in which Curve it is plain, that 
it can be retain*d by Gravity (284. 1573.). 


1696. This Motion is diſturb'd by the Action of the 


1697. 


Sun, and the Orbit is more convex in the Ouadratures 
than in the Syzygies, For the Convexity of a Curve, 
which a Body deſcribes by a Central Force, is fo 
much the greater as it does more ſtrongly every 
Moment turn the Body out of the Way; it is allo 
the greater, the more ſlowly the Body moves; be- 
cauſe the Central Force acting the longer, has a 
| rg Effect in inflecting the Way of the Body. 

rom contrary Cauſes the Convexity of the Curve 
is diminiſh*d. Both concur in increaſing the Con- 
vexity of the Orbit in the Quadratures (1688.), 
and diminiſhing it in the Syzygies (1689.). 

From hence it tollows, that the circular Figure 
of the Moon's Orbit is changed into an Oval, 
whoſe greater Axis goes through the Quadratures; 
ſo that the more convex Parts are in the Quadra- 
tures: Whereof the Moon is leſs diſtant from the 
Earth at the Syzygies, and more at the Quadra- 
tures ; and it is no Wonder that the Moon comes 
towards the Earth, when its Gravity is diminiſh'd, 
becauſe the Acceſs is not the immediate Effect of 
this Diminution, but of the Inflection of the Or- 
bit towards the Quadratures. 

The Motion of the Moon, taking away the 
Action of the Sun, is not in a Circle, but in an 
Ellipſis, one of whoſe Foci coincides with the 
Centre of the Earth (1324. 274. 1573-)3 8 = 

Orbit 
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; Orbit of the Motion is excentrick, and it is re- 
| tain'd in it by the Force of Gravity. | 
Therefore what has been demonſtrated cannot 
be exactly applied to the Moon's Motion ; for as 
the Forces which generate the Deviations explain'd, 
do really act upon the Moon, the Ellipſis, which 
the Moon would deſcribe if the Sun was taken 
away, is changed, and, ceteris paribus, the Propo- 1698. 
ſitions of Ne 1696, 1697, may be applied to the 
Moon s Motion; that is, the Figure of the Ellipſis 
(which the Moon would defcribe if the Sun were 
caken away, in whatever Situation it ſhould have 
with reſpect to the Sun) will be ſomewhat changed ; 
when the Sun is ſuppoſed, thoſe Parts which are 
in the Quadratures will become more convex, and, 
on the contrary, thoſe which paſs through the 
Syzygies will loſe a little of their Convexity, and 
therefore there muſt neceſſarily follow Variations 
in the Diſtances, 
In the Duadratures and Sygygies, the diſturbing 1699. 
Force 205 50 the ſame LEES the Force of Gra: ow 
vity towards the Earth (1670. 1676. 1679.)3 
therefore the Force which continually acts upon 
the Moon, and retains it in its Orbit, is directed 
towards the Centre of the Earth, and the Moon de- 
ſcribes Area's, by Lines drawn to the Centre of the 
Earth, proportional to the Times (250.). | 
In other Points of the Orbit, as F, befides the 700. 
Force which acts in the Line FT, there is alſo 
another, whoſe Direction 1s perpendicular to F T 
(1686.), which is here repreſented by FP: The 
Direction of the Force compounded of both is di- 
rected ſomewhat ſidewiſe to the Line F T, and does 
not tend to the Centre of the Earth (1 54.) ; where- 
fore the Area's, by Lines drawn to the Centre of the 
Earth, are not exactly proportional to the Times (257.). 
In the Octants, FP is the greateſt of all, and 
the Force which is repreſented by that Line, is ta 
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the Gravity of the Moan towards the Earth, in 
that Point, in the mean Diſtances of the Sun and 
Moon, as 1 to 119,15 (1691.). Wherefore the 
Direction of the Force, compounded of the Actions 
of the Sun and Earth upon the Moon, makes an 
Angle of above half a Degree with the Line F T. 

The Motion of the Moon is ſubject to ſeveral 
other Irregularities; fo that it deſcribes a Curve 
wholly irregular ; which Aſtronomers, in order to 
ſub ef | it to the moſt exact Computations that can 
be — do reduce to an Ellipfis, which they con- 
ceive to be agitated by various Motions, and alſ5 to be 
changeable, leaſt the Moon ſhould go out of it. 

In reſpe& to Central Forces we have obſerv'd, 
that a Body does not deſcribe an Ellipſis, if the 
Central Force by which it is retain'd in its Orbit, 
decreaſes in any other Ratio than the inverſe Ratio 
of the Square of the Diſtance; but that the Curve 
may be often reduc'd to a moveable Ellipſis (278.), 
which turns about one of its Foci, and the Motion 
of the Ellipſis is directed ſometimes the ſame Way as 
the Motion of the Body in it (279.), and ſometimes 
the Ellipfis is carried the contrary Way (280.). 

Hence it follows, that the Orbit of the Moon 
cannot be referr*d to an elliptical Orbit, unleſs you 
ſuppoſe it agitated by four Motions every Revo- 
Jutionz that is, unleſs the Line of the Apſides, 
which goes through the Centre of the Earth, goes 
forwards twice, and back wards twice. 

The Apſides of the Moon go forward when the 
Moon is in the Syzygies (279. 1683.), or rather 
whilſt the Mqon moves between the Points, which 
are 54 Deg. 44 Min. diſtant from them (1693. ). 
In the Quadratures, and berween the Points 
diſtant from them, 35 Deg. 16 Min. the Apſides go 
backwards, that 1s, move in Antecedentia (280. 
1674. 1093.). 


The Forces upon which the Progreſs and rs 
of the Apſides depend, are the F orces which diſturb 
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the Motion of the Moon, which have been before 
explain*d ; therefore, ſince the diſturbing Force in 
the Syzygies, is double the diſturbing Force in 
the Quadratures (1681.) ; the Progreſs, conſider- 
ing one entire Revolution of the Moon, exceeds the 
Repreſs, ceteris paribus. 

n a Circle whoſe Centre is in the Centre of the 
Forces, the Diminution of the Force, in recedi 
from the Centre, produces no Effect; becauſe in 
ſuch a Line the Body does not recede from the 
Centre; therefore the Effect of this Diminution is 
ſo much the greater, as the Curve deſcrib*d by the 
Body differs more from ſuch a Circle. 

In an elliptick Orbit, one of whoſe Foci coin- 1705. 
cides with the Centre of the Forces, the Curvature 
in the Apſides differs moſt of all from ſuch a Circle, 
and the Effet of the Diminution of the Force, in 
receding from the Centre of the Forces, is the greateſt 
of all. If this Orbit is but a little excentrick at the 1706. 
Ends of the leſſer Axis, the Ellipſis differs very lit- 
tle from the Circle above-mention'd, and the 
Effect of the Diminution is the leaſt of all. 

The Progreſs and Regreſs of the Apſides depend 1707. 
upon the Proportion, according to which the 
Force of Gravity decreaſes, receding from the 
Centre of the Earth (279. 280.) it is therefore 
the Effect of the Diminution of the Central Force. 

This Motion of the Apſides, which we have 
explain'd, undergoes ſeveral Changes; he Apfides 1708. 
go forward faſteſt of all in a Revolution of the Moon, 
ſuppoſing the Line of the Apſides in the Nodes (1702. 
1707. 1705.) ; and in that very Caſe they go back 
the ſloweſt of all in the ſame Revolution (1703. 
1707. 1706.) ; becauſe, by reaſon of the ſmall Ex- 
centricity of the Moon, the Quadratures are but 
very little diſtant from the Ends of the leſſer Axis 
of the Orbit. 

Suppoſing the Line of the Apſides to be in the Qua- 170g. 
dratures, the Apſides are carried in Conſequentia, 
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the leaſt of all in the Syzygies (1702. 170%. 1706.) 1 
but they return the ſwifteſ} in the Quadratures (1702, 
1707. 1705.) z and in this Caſe, in one entire Revo- 
lution of the Moon, the Regreſs exceeds the Progreſs. 

Whilſt the Earth is carried along in its Orbit, 
the Line of the Apſides does ſucceſſively go thro? 


5 


all Situations in reſpe& of the Sun; wherefore, 


con ſidering a great many Revolutions of the Mon ta- 
ken together, the Apſides go forward (1704.)z and 


it is plain, from Obſervations, that in the Space of 


about eight Years, the Line of the Apſides per- 
forms one entire Revolution. 

We have alſo ſaid that the Excentricity of the 
Orbit is not conſtant. 

The Excentricity of a Body is increaſed if the Cen- 
tral Force, the Diminution being continued, de- 
creaſes faſter than before, whilſt the Body is carried 
from the lower to the upper Apſis; ſor then it is 
every Moment leſs attracted, than if the Force 
did not decreaſe; and therefore it recedes the more. 
The Excentricity of the Orbit is a ſo thereby en- 
creas'd, in the ſame Caſe, in the Motion from the 
upper to the lower Apſis, becauſe, in this Caſe com- 
ing towards the Centre, the Force encrcuſes fo 
much the faſter, as the Body deſcends more to- 
wards the Centre; ſo that in each Caſ- the Ditle- 
rence between the greateſt and leaſt Diſtance from 
the Centre of the Forces, may becon.e greater, 
and the Excentricity be thereby encreas'd. By the 
fame Reaſoning it appears, that tbe Excentricity is 
diminiſh d, when the Central Force decrea/es more ſlowly 
than before, in receding from the Centre. 

Applying this to the Moon's Motion, it appears, 
that the Excentricity of the Orbit, every Revolution, un- 
dergoes various Changes. T hat it increajes when the 


Moon is in the Syzygies (1683. 1711.), and decrea- 


ſes whilſt it is in the Quadratures (1674. 1712.), 
and the Kxcentricity is greateſs when the Line of the 
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Apſides is in the Syzygies (1683. 1711.) becauſe in 
a whole Revolution the Cauſe which augments the 
Excentricity is the greateſt of all, and that which 
diminiſhes this, is the leaſt of all. The Forces in 
the Apſides being compar*d, do decreaſe taſter 
than in an inverſe Ratio of the Square of the Di- 
ſtance, (1683.). Whence this Addition follows 
(1711.), which prevails in this Poſition (1705,): 
But the Orbit is the leaſt excentrick of all, when the 
Line of the Apſides is in the Quadratures, the Dimi- 
nution of the Excentricity prevailing (1674.1712.). 

We have ſaid that the Moon moves in a Plane 
inclin'd to the Plane of the Echprick ; that the 
Line of the Nodes is carried round in Antecedentia 
(1327.), and that the Inclination of the Orbit is 
not conſtant (1326.) z theſe Effects are deduced 
icom the Action of the Sun and the Moon. 

By reaſon of the ſmall Inclination of the Moon's 
Orbit, the Forces which we have hitherto con- 
ſider*d acting in the Plane of the Ecliptick, not 
regarding the Inclination of the Orbit, may (with- 
out any ſenſible Error) be referred to the Plane of 


the Orbit; and the Moon in it is ſubject to the Mo- 1715. 


tions before explain*d : But there is a Force which 
removes the Moon from the Plane of the Orbit; ſo that 
we muſt conceive that Plane to be agitated, other- 
wiſe the Moon would go out of the Orbit (1701.). 


Let the Moon be at F; if we attend to what 1716. 
has been ſaid above concerning the Action of the PI X VIE. 
Sun (1684.), it is plain, that the Plane of the Eg 3- 


Parallelogram FHMI goes through the Line 
T'S, which joins the Centre of the Earth and Sun; 
and therefore it is in the Plane of the Ecliprick ; 
ſo that the Point N, to which is directed the 
Force FN, diſturbing, becauſe of the Action of 
the Sun, is in that Plane. 


Let this ſame Force be repreſented by FI; at 1717. 
F let F R be rais'd perpendicular to the Plane 2 PL * 
* 
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the Orbit; and imagine the Parallelogram FRI, fir 
whoſe Side Fi is in the Plane of the Orbit, and tu 
whoſe Diagonal is FI ; the diſturbing Force along th 
FI is reſolv'd into two, in the Directions FR and 0 
Fi, which theſe Lines repreſent (158.), and of 4 
which this laſt acts in the Plane of the Orbit: So b 
that we muſt refer to this what relates to the 5 
diſturbing Force of which we have treated in f 
N* 1684 ; for the Lines Fi and FI ſcarce differ, C 
and the Plane of the Parallelogram FRI is per- d 
pendicular to the Plane of the Moon's Orbit. a 
1718. The Line FR muſt be determin'd, which re- 4 
preſents the Force that acts perpendicular to the , 


Plane of the Orbit, and removes the Moon from 
that Plane: Now the Relation of the Line FR or ; 
Ii to the Radius E T, is the Ratio of the diſturb- { 
ing Force, which is ſpoken of here, to the Increaſe 
of the Gravity in the Quadratures (1670.). | 
1719. In the Caſe of this Figure, in which the Line | 
of the Nodes N is in the Quadratures, we find 
out FR; becauſe IT (which is NT of Fig. 3.) 
is given (1690.), and becauſe II is to Iz, or to 
FR, as the Radius is to the Sine of the Inclina- 
tion of the Orbit. 
1720, But in every Caſe the Force muſt be determin'd 
which drives the Moon out of the Plane. Let us 
therefore ſuppoſe the Line of the Nodes carried to 
the Situation Mm, whereby every thing elſe re- 
maining as before, Ii is chang'd. To M con- 
tinued, if need be, let i X and IX be drawn per- 
endicular, which make an Angle equal to the 
3 of the Plane of the Orbit. 
1721. The Ratio between ET and Ii; that is, the 
Ratio between the Addition of Gravity in the Qua- 
dratures, and the Force which we ſeek, which re- 
modes the Moon out of its Orbit, is compounded ot 
the Ratio's of the Line ET to TI, of the Line 
Ito IX, and laſtly of the Line I X to Iz. In 
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firſt is the Ratio between the Radius, and three 
times the Sine of the Diſtance of the Moon from 
the Quadrature (1690.) : the Second is the Ratio 
of the Radius to the Sine of the Angle I T X, that 
is, of the Diſtance of the Node from the Syzygy 
laſtly, the third is the Ratio of the Radius to the 
Sine of the Inclination of the Orbit: And the 
Ratio compounded of theſe, is the Ratio of the 
Cube of the Radius to three times the Product of the 
Sines of the Diſtances of the Moon from the Quadra- 
ture, and of the Node from the Syzygy, as alſo of 
the Inclination of the Plane. To this Force alſo is 
to be referr'd N* 1694. 

This Force vanifhes in the Quadratures, becauſe 1722. 
the Point I coincides with the Point T, which is 
the Centre of the Earth, and the Line I ; vaniſhes, 
the Lines FI and F# concurring in the Plane of 
the Orbit; which alſo follows from the Compu- 
tation above-mention'd (1721.); the Sine of the 
Diſtance of the Moon from the Quadrature vaniſh- 
ing, and conſequently the whole Product which 
is multiplied by that Sine, 

The fame Product vaniſbes alſo, and with it 1723. 
the Force which it reprefents, when the Sine of 
the Diſtance of the Node from the Syzygy va- 
niſhes, that is, ſuppoſing the Line of the Nodes in 
the Sygygies It is alſo deduc'd from this, that the 
Line of the Nodes Nu continued goes through 
the Sun; wherefore the Sun is in the Plane of the 
Orbit itſelf, and therefore cannot draw the Moon 
in that Plane. 
This Force is increaſed as the Moon advances to- 1724. 
wards the Syzygy, and as the Node recedes from it 
(1721.). | 

Let Pp be the Plane of the Ecliptick, PA the1725. 
Orbit of the Moon; when the Moon is come to A, F, XVII. 
viz. is gotten a little from the Node, it is re- Pg. 5 
mov'd out of the Plane of the Orbit, and 2 the 

a a 1 ond 
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ſecond Moment it is not carried along AB (the 
Continuation of the Orbit P A) but along A 5, 
becauſe it comes towards the Plane of the Eclip- 
tick along Bb; therefore it is mov'd as if it came 

1726, from a more diſtant Node p. Whence it appears, 
that the Nodes go backward, whilſt the Moon moves 
in its Orbit, as long as it recedes from the Node: 
The Nodes alſo go back whilſt the Moon is going 
to the oppoſite Node; becauſe as the Moon is con- 
tinually driven out of its Orbit towards the Plane 
of the Ecliptick, it is continually directed to a 
Point lefs diſtant, and comes ſooner to the Node 
than if, not being agitated by ſuch a Motion, it 
had continued in Motion with the ſame Celerity. 

1727. Conſideri ing one entire Revolution of the Moon, 
cæteris paribus, the Nodes move in Antecedentia 
ſwifteft " all when the Moon is in the Syzygies 
(1724.), then ſlower, till they are at Reſt, when the 
Moon is in the Duadratures (1722.). 

1728. Whilſt the Earth is carried round the Sun PREM 
when we do not attend to the above-mention'd 
Motion of the Nodes) the Line of the Nodes docs 
{ſucceſſively acquire all poſſible Situations in reſpect 
of the Sun; and every Near goes twice through the 
Syzygres, and twice through the Duadratures. 

1729. Fou we conſider ſeveral Revolutions of the Moon, 
the Nodes in one whole Revolution go back very faſt, 
the Nodes being in the Quadratures (1724.); then 
ſlower, till they come to Keſt, when the Line of the 
Nodes is in the Syzygies (17230). 

1720. By the ſame Force with which the Nodes are 

mov' d, the Inclination of the Orbit is allo chang'd 
it 159 encreaſed as the Moon recedes from the Node, 
and diminiſh'd as it comes to the Node. 

1-31, For the Angle bpL is leſs than the Angle 
APL, and for the fame Cauſe it is continually 
diminifh'd, and the Inclination becomes greater; 
but when the Moon is come to the * 
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ſtance from the Plane of the Ecliptick, and is go- 

ing towards the oppoſite Node, the Direction of 

the Moon is continually inflected towards the Plane 

of the Ecliptick, and leſs inclin'd to it than if it 
continued in Motion in its Orbit : Let N n# be 

the Plane of the Ecliptick, the Curve N the 
Orbit of the Moon; by the Force whereby the 
Moon is continually remov'd out of it, the Way 

of the Moon is changed, and it goes in the Curve 

Nu, which is more inclin'd to N nz at N than at 

n; ſo that we muſt conceive the Inclination of the 
Plane of the Orbit to be twice chang'd (1724.) 
whilſt the Moon moves from one Node to the 
other; therefore this happens four times in each 1732. 
Revolution of the Moon; it is twice diminiſh*d, and 
vice again encreas'd. 

Suppoſing the Nodes N, n, to be in the Quadra- 1733. 
tures, the Forces which is one Revolution encreaſe F, XVII. 
the Inclination, and diminiſh it, are equal to one Pg: 4- 
another; for, by reaſon of the equal Diſtance of 
each Node from the Syzygies, the Forces that 
change the Inclination at ND and E are equal to 
the Forces in the correſpondent Points in the 
Arches Dn and EN (1721.); by the former the 
Inclination is encreas'd, by the latter it is dimi- 
niſh*d (1730); the Diminution of the Angle of In- 
clination, on account of the Firſt, is reſtor d by the 
Action of the Second, and here it is not chang'd. 

In the Motion above-mention'd (1728.) of the 
Line of the Nodes in reſpect of the Sun, which 
depends upon the parallel Situation of this Line, 
the Node N is carried to the Syzygy E. When 
(for Example} the Line of the Nodes is come to 
the Situation Mn, the Moon, in its Receſs from 
the Nodes, goes through the Quadratures N, , 
in which the Force which changes the Inclination 
vaniſhes (1722.), and near which it is the leaſt of 
all (1721.) : But in coming towards the * the 
OO 
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Moon is every where diſtant from the Quadta. 
tures, and a great Force acts upon it (1721.); 
1734. therefore, conſidering one entire Revolution, the In- 
creaſe of the Angle of Inclination exceeds its Di- 
minution (1730.)z that is, that Angle is encreas'd, 
or, which is the ſame, the Inclination is diminiſh*d ; 
which obtains every where in the Motion of the 
Nodes from the Quadratures to the Syzygies. 
1735. When the Nodes are come to the Syzygies, the In- 
clination of the Plane of the Orbit is the leaſt of all; 
1736. for in the Motion of the Nodes from the Syzygies to 
the Duadratures, the Plane of the Orbit is con- 
tinually more and more inclin'd ; for in that Caſe, 
as the Moon goes to the Node, it paſſes through 
the Quadratures; in its Receſs from them the 
Moon is diſtant from the Quadratures ; and in one 
whole Revolution of the Moon; the Force which 
encreaſes the Inclination exceeds that which dimi- 
1737. niſhes it (1722. 1730.) ; therefore the [nclination 
is encreas d; and it is the greateſt of all when the 
Nodes are in the Quadratures, where the Diminu- 
tion of the Angle made by the Plane of the Orbit 
with the Plane of the Ecliptick is formed (1733.). 
1738, All the Errors in the Moon's Motion that we have 
explain'd are ſomething greater in the Conjunction 
than in the Oppoſition (1680.))  .. _ 
1739. All the diſtarbing Forces are determin'd by diſco- 
vering their Relation with the Addition of Gra- 
vity in the Quadratures (169 1. 1693. 1721.); for 
which Reaſon they do undergo the ſame Changes 
as that Addition does, that is, they are inverſly as the 
Cube of the Diſtance of the Sun from the Earth (1673.), 
which remaining, they are as the Diſtance of the 
Moon from the Earth (1672.) ; confidering all the di- 
1740. ffurbing Forces together, the Diminution of Gravity 
prevails (1681.) ; which follows immediately from 
the Progreſs of the Apſides (1327. 1710.) 3 for it 
appears from thence, that confidering ſeveral Revolu- 
tions together, the Effect of the Diminution of Gra- 
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vity exceeds the Effect of the Encreaſe of it (279. 
280.). IP 

Therefore the Motion of the Moos being conſider d 1741. 
in general, the Gravity of the Moon towards the 
Earth is diminiſh*d in coming near the Sun (1740. 
1739.) z therefore when it is leſs attracted by the 
Earth, it recedes more than if there was no ſuch 
Diminution of Gravity; therefore in that Caſe 
the Moon's Diſtance is encreas'd, as alſo the Peri- 
odical Time (255.); and that Time is the greateſt, 1742. 
as alſo the Diſtance of the Moon (ceteris paribus) 
the greateſt, when the Earth is in the Perihelion 
(1739.), becauſe then it is leaſt diſtant from the 


Sun. 


oo © Þ WD «© / 


| Of the Figures of the Planets. 


F we conſider the Figures of the Planets, we 
ſhall find that they have ſuch Figures, as fol- 
low from the very Laws by which the Syſtem is 
govern'd; which is exceeding agreeable to that 
admirable Order which we obſerve every where, 
that no Forces act upon the Planets to deſtroy 
them; that is, that the Figure of a Planet, whether 1743. 
it be a Primary or Secondary Planet, is ſuch as it 
would acquire, if it wholly conſiſted of Fluid Matter; 
which agrees with the Phænomena. 

Whence it follows, that all the Primary and Se- 1744. 
condary Planets are ſpherical ; for they conſiſt of a 
Matter whoſe Particles gravitate towards one ano- 
ther (1571. 1572.) 3 from which mutual Attraction 
a ſpherical Figure is generated in the ſame Man- 
ner as a Drop becomes round from another ſort of 
Attraction of the Parts (42.). 

This ſpherical Figure of the Planets is not chang d 1745. 
from their Motion round the Sun, or from the Motion 
of the Secondary Planets about their Primary ones; 
becauſe all the Particles are carried by the fame 
Motion: But this Figure undergoes ſome a = 
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by the Motion round the Axis, and ſo much the 
greater as this Motion is ſwi't-r. 


Let PP be the Axis of a P'anet; Ee the Dia- 


A l. meter of the Equator, perpendicular to the Axis; 
ig. 0. 


1747. 


1748, 


let there be a Canal PCE fill'd with a Liquid; 
this Fluid will deſcend by its Gravity in both Legs 
towards C, and will not be at reſt till the Preſſure 
in both Legs be equal. If the Planet be at reſt, 
the Height of the Fluid in both Legs will be equal 
(1744.) : But if the Planet be mov'd about its 
Axis PP, all the Liquid in the Leg CE will en- 
deavour to recede from the Centre by its centri- 
fugal Force (248.), which Force acts contrary to 
Gravity (253.), and therefore diminiſhes rhe Gra- 
vity ; fo that there is no Equilibrium till C E ex- 
ceeds CP. Now if the Canal be taken away, the 
lateral Preſſure of the Fluid, of which the Planet 
conſiſts, does not change the Gravity towards C, 
nor the Difference between the Heights of the Co- 
lumns CE, CP (432.); therefore the Planet is 
every where higher in the Equator than in the 
Poles, and acquires, by its Motion round its Axis, the 
Figure of a Spheroid depreſs'd in its Poles ; for the 
Elevation is continually diminiſh'd as you go to- 
wards the Pole, becauſe the centrifugal Force is 
diminiſh'd by reaſon of the Diminution of the Di- 
ſtance from the Axis (264.). 

If what has been demonſtrated be compar'd 
with the Phænomena, it will appear why all the 
Bodies in our Syſtem are ſpherical (12829); but 
that this Figure is not exact, but a little chang'd 
by their Motion round their Axes (1747), though 
this can't be obſerv'd in moſt of them, may be 
deduc*d from Obſervations made upon Jupiter and 
the Earth. Aſtronomers have obſerv*'d that the Axis 
of Jupiter is ſhorter than its Equatorial Diameter; 
although this Planet be the greateſt of all the Pla- 
nets, it is mov'd the ſwifteſt about its Axis (1319.), 
and therefore this Difference may be obſerv'd. 1 
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The Elevation of the Earth at the Equator is de- 1749. 
alt 


termin d by us, although perhaps to the Inhabi- 
tants of the other Planets, if there are any, it may 
not be more ſenſible than the Elevations on Mars 
and Venus are to us, which are ſo ſmall that we 
cannot perceive them. 


Suppoſe the Earth to be Fluid; it will acquire 1730. 


the atoreſaid ſpheroidical Figure (1747. ); if the 
Parts cohere towards the Centre, the Poſition of 
the other Parts will not be chang'd thereby, nor 
will it be chang'd if in ſome Places the Parts co- 
here together quite to the Surface; fo that the 
Surface of the Sea muſt neceſſarily acquire a ſphe- 
roidical Figure depreſs'd at the Poles. But ſince 
the Shores are every where but a little elevated 
above the Surface of the Sea, it is certain that the 
Continent acquires the ſame Figure. 

Now to meaſure this Elevation, that is, how 
much the Diameter of the Equator of the Earth 
is longer than the Axis, we muſt conſider its Mo- 
tion round its Axis in the Space of 23 Hours, 56 
Min. 4 Sec. (1317.) ; and ſuppoſing the Earth 
homogeneous, the Computation will be made in 
the following Manner. 


The Periphery of the Earth is t 27683039Rbyn-1751, 


land Feet; therefore in one Second of Time, a 


Point of the Equator goes through 1482 Feet; 


the verſed Sine of which Arch is 0,054 Feet, a 
Space which could be gone through by a Body 
in ſuch a Time by the centrifugal Force. 


By Gravity a Body, in one Second, as we have PI XVII; 
ſhewn before, falls through 1 5,638 7 Rhynland Feet; FE. © 


but theſe Experiments were made at the Diſtance 
of 48 Deg. from the Equator E e, at the Point A; 
the centrifugal Force at E, is the centrifugal Force 
at A, as CE to CA, for theſe Lines are very 
irtle different at A B (264); let this centrifugal 
Force be A 6; having ** the Perpendicular ba 

e to 
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to C A continued, let the Force through A be 
reſolv'd into two other Forces directed along A a 
and a 6 (158); the Gravity is diminiſh*d only by 
the former, and A 6 is to the Force diminiſhing it, 
as C A to A B, by reaſon of the ſimilar rectangu- 
lar Triangles A ba and A BC, which have (15. 
1. Elm.) their oppoſite vertical Angles equal at A; 
therefore the centrifugal Force at the Equator, 
with which a Body in one Second goes through 
0,054 Feet ; is to the Force which diminiſhes the 
Gravity at A, in a duplicate Ratio of the Radius 
AC to AB, which is the Co- ſine of the Latitude 
A E of 48 Deg. ſo that from this diminiſhing 
Force the Body, in one Second, goes through 
o, 242; wherefore, if the Earth was at reſt, in 
falling it would not go through 15, 6387 Feet, 
but 15,6629, as we have obſerved (1594.); with 
which Gravity a Body falls under the Poles, be- 
cauſe thefe Points are not mov'd. At the Equa- 
tor, by the centrifugal Force, a Body goes through 
0,054, and falls as much in the ſame Time from 
the Height of 15,6089 Feet; whence it appears 
that the Gravity under the Poles, is to the Gra- 
vity under the Equator, as 290 to 289. 

f Fig. 6 repreſents the Figure of the Earth, 


the Weight of a Column of Liquid C E, will 


be to the Weight of a Column of Liquid C A, 
the Earth being at reſt, as 290 to 289; for other- 
wiſe, the Earth moving, there will not be an 


Equilibrium; becauſe 23 of the Column CE is 


1752, 


ſuſtain'd by the centrifugal Force; for the centrifu- 
gal Force decreaſes as you come towards the Cen- 
tre, in the Ratio of the Diſtance (264.), in which 
Ratio alſo the Gravity decreaſes (1602.); fo that 
in all Points of the Column the fame Part of the 

Weight is ſuſtain'd as towards the Surface. 
W hence we deduce that the Height CP at the 
Pole, is to the Height E C at the Equator, as 229,7 
| 70 
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to 230,7 ; for ſuppoſing this Ratio between the 
Axis and the Equatorial Diameter, if a Computa - 
tion be made of the Gravities in the Places P and 
E, the Earth being at reſt, they are found to be 
to one another as 1123 to 1122; which Ratio ob- 
tains every where in correſpondent Points, that 
is, which are diſtant from the Centre, as CF toP E; 
becauſe in both Legs the Gravity decreaſes in pro- 

rtion to the Diſtance from the Centre (1602.). 

ou have the Weight by multiplying the Quan- 
tity of Matter by the Gravity; for the Weight in- 
creaſes in a Ratio of both: By multiplying 1123 
by 229,7, and 1122 by 230,7, the Products are 
to one another as 289 to 290; which is the Ratio 
of the Weights before diſcover'd. 
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The mean Diameter of the Earth is 3386897 1733. 


Perches(1333.); therefore the Axis PP is 3379682, 
and the equatorial Diameter E e, is 3394112 


Perches, which exceeds the Axis by 14431 Per- 1754. 


ches (viz.) 2387, and the Equator is more elevated 
by 7215 Perches. 


We have obſerved above (227.) that it is mani- 1735. 


feſt by Experiments, that Gravity diminiſhes as 
you go towards the Equator ; and the moſt exact 
Obſervations agree near enough with the Diminu- 


tion which we have deduced from the Motion a- 


bout the Axis. | HAY 
Now if we conſider the ſpheroidical Figure of 
the Earth, we ſhall ſee that heavy Bodies do not 


tend directly to the Earth's Centre, unleſs at the Poles t 756. 


and the Equator, but every where perpendicular to 
the Surface of the Spheroid; for a Liquid will not 
be at reſt unleſs its upper Surface forms a right An- 
gle with the Direction of heavy Bodies (425.); 
and the Figure of a Spheroid is ſorm'd by the Sur- 
face of a quieſcent Fluid. We alſo deduce di- 
rectly this Direction of heavy Bodies from the cen- 


trifugal Force. The Body A, by its Gravity, tends 1767. 
towards C, and is carried by its centntugal Force Y XVII. 


E e 2 along F. & 
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along A; this Force at the Point A is to the 
Gravity along A C, as 1 to 432: having formed 
a Parallelogram with the Sides A C and A 6, ſup- 
poling theſe to be to one another as 432 to 1, the 
Diagonal Ac will ſhew the Direction of heavy Bo- 
dies (154.), forming a ſmall Angle with the Line 
AC. The Force along Ab increaſes as you go 
towards the Equator, whereby this Angle is in- 
creaſed, but 1s diminiſh'd by the Increaſe of the 
Angle C A 5; ſo that in the Equator, where the 
centrifugal Force is greateſt, the Direction of hea 
Bodies coincides with E C; at the Pole it coin- 
cides with PC; becauſe there is no centrifugal 
Force there. 

In this ſpheroidical Figure, the Latitude of the 
Place is determined by an Angle, as A c E, which is 
made with the Equator, by a Line drawn from the 
Place perpendicular to the Surface. Dividing this 
whole Arch P A E, by this Method, into Parts, 
that is, 90 Deg. it will eaſily appear, that going 
towards the Poles, the Degrees are increajed on the 
Surface. But this; Difference is ſo very ſmall, that 
in meaſuring Degrees that are not very diſtant, it 
cannot be diſcover'd, becauſe the Error ariſing from 
the Make and Uſe of Inſtruments exceeds this 
Difference. Wherefore Degrees meaſur*d at the 
South and North of France, as allo in England, differ 
little from one another, and the middle one 1s the 
leaſt of all; wherefore nothing can be concluded from 
theſe Meaſures concerning the Earth's Figure. 


CHAP, 
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CHAP. XVII. 


The Phyſical Explanation of the Motion of 
the Axis of the Earth. 


HAT the Nodes of the Moon go back» 
that is, are moved in Antecedentia (1726.), 

and that the Inclination of its Orbit 1s liable to 
change (1732.), we have already demonſtrated ; 
let us conceive ſeveral Moons to be at the ſame 
Diſtance, revolving in equal Times about the 
Earth, in a Plane inclin'd to the Plane of the 
Ecliptick; it is plain they will all be agitated by 
the ſame Motions: Let us conceive the Number 
of the Moons to be encreas'd, ſo as to touch one 
another, and form a Ring whoſe Parts cohere; 
whilſt one Part of the Ring is attracted to increaſe 
the Inclination, the other Part 1s agitated by a 
contrary Motion to diminiſh its Inclination (1730.); 1761. 
the greater Force in this Caſe prevails, that is, in the 
Motion of the Line of the Nodes, from the Quadratures 
towards the Syzygies, the Inclination of the Ring is 
diminiſh*d in each of its Revolutions (1734.); and it 
is the leaſt of all, when the Line of the Nodes is in 
the Syzygies (1735.). On the Contrary, its Iucli- 1762. 
nation is encreaſed when the Line of the Node: is car- 
ried from the Syzygies towards the Duadratures 
(1736.); and it is the greateſt of all, when the Line 
of the Nodes is in theſe laſt (1737.). The Line of 1763. 
the Nodes is continually carried in Antecedentia, un- 
leſs when it is at Reſt in the Syzygies (1726. 
1729.). | 

F the Quantity of Matter in the Ring be dimi- 1764. 
niſh*d, its Motion will not be changed; becauſe they 
depend upon Gravity, which acts equally upon 
every Particle of Matter (1572.). 

If the Diameter of the Ring be diminiſi' d, theſe 1765. 
Motions are diminiſh*d in a Ratio of this Dimi- 

3 nution 


1766. 


1767. 


1768. 


1769. 
1770, 


1771. 
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nution (1739.), but none of them wholly vaniſh ; 
and it is agitated by the ſame Mations. 

Let us now conceive the Earth to be ſpherical ; 
and in the Plane of the Equator, which makes 
an Angle of 23 Deg. 29 Min. with the Plane of 
the Ecliptick ; let there be a Ring, * 


the ſame Time as the Earth; let it be diminiſh'd 
ſo as to touch the Earth, and cohere with it; by 
this the aforeſaid Motion of the Ring will not be 
deſtroy*d ; for ſince che Earth is kept in a deter- 
minate Situation by no Force, it yields to the 
Impreſſions of the Ring, whoſe Agitations are yet 
diminiſh'd, the Matter ro be mov'd being en- 
creas'd, and the moving Power remaining the 
fame. 

And this is truly the Caſe, for the Figure of 
the Earth is ſpherical, encompaſs'd with a Ring 
at the Equator, whereby the Earth is more eleva- 
ted towards the F quator (1754.), the Line of the 
Nodes of which Ring is the Section of the Planes 
of the Equator and Ecliptick. Whence we de- 
duce the following Concluſions. 

In the Equinoxes, the Inclination of the Equa- 
tor 1s leaſt of all (1761.); and therefore the Incli- 
nation of the Axis is the greateſt; for it makes a 
right Angle with the Plane of the Equator (1432.). 
The Inclination of the Equator is encreas'd, that 
is, the Iuclination of the Axis is diminiſi d, till the 
Sun comes to the Solftices, where this inclination of 
the Axis is leaſt of all, and that of the Equator 
the greateſt (1762.). Therefore twice in a Tear the 
Inclination of the Axis of the Earth is diminiſh'd, 
and twice encreas'd. And the Section of the Plane of 
the Equator with the Plane of the Ecliptick, which 
is at refs in the Equinoxes, is moved the reſt of the 
Time in Antecedentia (1763.). 

The Plane of the Equator is alſo inclined to the 
Plane of the Moon's Orbit; for it makes a ſmall 


Angle 
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Angle with the Plane of the Ecliptick (1226.): 
And therefore the Moon acts in the ſame manner 
upon the Ring as the Sun; and although the 
Moon be leſs, yet, becauſe it is much leſs diſtant 
than the Sun, it exerts a greater Action upon the 
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Ring. Wherefore alſo the Inclination of the Axis 1772. 


of the Earth to the Plane of the Moon's Orbit (1769.); 
and conſequently to the Plane of the Ecliptick, is 
twice changed in every Revolution, and twice reſtor d 
by the Action of the Moon And the Section of the 
Plane of the Equator, with the Plane of the Moon's 
Orbit (1770.), is carried in Antecedentia: From 
which Motion it neceſſarily follows that the 
Section of the Plane of the Equator with the Plane 
of the Ecliptick changes its Place. 


The Changes of the Inclination of the Axis are too 1773. 


ſmall to be obſerved; but the Change of the Place of 


the Line of the Equinoxes, and the Motion of the 1774. 


Axis which follows from it, being always carried 
the ſame Way, at leaſs become ſenſible; and from 
theſe follow the Phenomena before explain'd 
(1547- 1548.) 


CHAP. XIX. 
Of the Tides. 


H A T we may explain the Tides from the 
Principles already laid down, we muſt con- 
ſider, that the Earth, as alſo all Bodies near it, 
gravitate towards the Moon (1571.); therefore 
the Particles of Water in the Earth's Surface, 
which tend towards the Centre of the Earth (for 


here we neglect the Conſideration of N- 1756.) 


are carried with it towards the Moon. Since alſo 
the ſolid Maſs of the Earth is carried towards the 
Moon, according to the Laws which wou'd ob- 
tain, if all the Matter of which it conſiſts was 


collected in its Centre 45250 3 whas has been de- 1775 


e 4 mon- 
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monſirated in Chap. XVI. of the Action of the Sun 6 
upon the Moon falling towards the Earth, whilſt | 
with the Earth it goes towards the Sun, may be | 
applied to the Action of the Moon upon the Particles | 
of Water in the Earth's Surface, which do not | 
cohere with the Maſs of the Earth, but tend to- 

wards its Centre, and continually with its Maſs 

fall towards the Moon; by which Force, as we 

have ſhewn (1663.), the Earth is kept in irs Or- 

bit about the common Centre of Gravity of the 

Earth and the Moon. 

1776, Let S be the Moon; A LBI the Surface of 

F XVII. the Earth, whoſe Maſs tends towards the Moon, 

Fg. 5. as if it was all collected at T; by the Action of 

the Moon, the Particles of Water A and B, ac- 

quire a greater Gravity towards T (1671.); on 

the contrary, the Particles at L, I, loſe ſome of 

their Gravity (1676. 1679.); whence we deduce, 

that if the whole Earth was cover'd with Water, 

there would not be an Equilibrium, unleſs this 

Water was more elevated in the Points L and 1, 

than in a whole Circle go Deg. diſtant from theſe 

Points; and therefore paſſing through the Points 

1777. A and B. Therefore by the Action of the Moon, 

the Mater acquires a ſpheroidical Figure, form*d by 

the Revolution of an Oval about us greater Axis, 

which being continued, goes through the Moon. 

Let us ſuppoſe the Moon in the Equator; all 

the Sections of the Earth which are parallel to the 

Equator 3 as they are alſo parallel to the Axis of 

Spheroid (1777.), are Ovals, whoſe greater Axis 

paſs through the Meridian of the Moon; whence 

1778. it follows, that the Earth being at Reſt, in any 

Circle of Latitude, the Mater is more elevated in the 

Meridian in which the Moon is, and in the oppoſite 

Meridian, than in the intermediate Places. 
| DEFINITION. 


1779. A Lunar Day, is the Time ſpent between the 
Moon's going from the Meridian and coming to it 
again, 
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again. This Day is divided into 24 Lunar Hours: 
It is 30 Minutes longer than the Natural Day. 

From the Motion of the Earth round its Axis, 
in every Lunar Day every Place paſſes through 
the Meridian of the Moon and the oppoſite Me- 
ridian, that is, twice paſſes through that Place 1780. 
where the Water is rais'd by the Action of the Moon, 
and twice through that Place where the Water is 
depreſs'd by the ſame Action (1778.); and ſo in a 
Lunar Day the Sea is twice elevated, and twice 
depreſs d, in any aſſign'd Place. 

By the Motion of the Earth round its Axis, the 1781. 
elevated Water continually recedes from the Me- 
ridian of the Moon; yet by the Action of the 
Moon the Axis of the Spheroid w_ through 
the Moon (1777.); therefore the Water is conti- 
nually agitated, that the Elevation, which (be- 
cauſe of the Motion of the Earth) is remov'd, may 
be brought under the Moon. Therefore the Wa- 
ter continually flows from A and B towards L and 1, 

whilſt by the Motion of the Earth the Elevation 
is carried from L towards B, and from towards 
A; that is, there are two contrary Motions be- 
tween L and B, and between / and A, by which 
the Water is accumulated ; fo that the greateſt 
Elevations are between theſe Points, viz. not di- 
rectly under the Moon, but on one Side of that 
Point; and likewiſe aſide of the oppoſite 
Point. That is, in any Place, the Water is moſt 1782. 
elevated, two or three Hours after the Moon has 
paſs'd the Meridian of the Place, or the oppoſite 
Meridian. 

The Elevation towards the Moon a little exceeds the 1783. 
oppoſite one (1775. 1680.). The Aſcent of the Water 1784. 
is diminiſh'd, as you go towards the Poles, becauſe 
there is no Agitation of the Water there. 

What has been demonſtrated in relation to the 1785. 
Moon may be applied to the Sun ; therefore from 
the Action of the Sun, every natural Day, the Sea1786. 
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1787. is twice elevated, and twice depreſs'd (1780.). This 
Agitation is much leſs, on Account of the immenſe 
Diſtance of the Sun, than that which depends upon 
the Moon; yet it is ſubjeft to the ſame Laws. 

1788. The Motions which depend «pon the Action of 

1789. the Moon and Sun, are not diſtinguiſh'd but con- 
founded; and from the Action of the Sun, the 
Lunar Tide is only chang'd, which Change varies 
every Day, by reaſon of the Inequality between the 
Natural and Lunar Day (1779.). 

1790. In the Syzygies the Elevations, from the Actions 
of both Luminaries, concur, and the Sea is more 
elevated; the Sea aſcends leſs in the Quadratures; 
for where the Water is elevated by the Action of 
the Moon, it is depreſs'd by the Action of the 

1791. Sun, and ſo on the contrary. Therefore, whilſt 
the Moon paſſes from the Syzygy to the Quadrature, 
the daily Elevations are continually diminiſh'd; On 
the contrary, they are encreas'd, when the Moon 

1792. moves from the Duadrature to the Syzygy. At a 
New Moos alſo, cæteris paribus, the Elevations are 
greater, and tho/e that follow one another the ſame 
Day, are more different than at a Full Moon (1783. 
17?7.). 

1793. The greateſt and leaſt Elevations are not obſerv'd, 
till the ſecond, or third Day after the New or Full 
Moon; becauſe the Motion acquir'd is not pre- 
ſently deſtroy'd from the Attrition and other 
Cauſes by which acquir'd Motion the Aſcent of 
the Water is encreaſed, although the Action by 
which the Sea is rais'd be diminiſh'd; ſomewhat 
like to what we have demonſtrated elſcwhere con- 
cerning Heat (1538.). ; 

1794. If we now conſider the Luminaries rececing 
from the Plane of the Equator, we ſhall perceive 
that the Agitation is diminiſh'd, and becomes leſs, 
according as the Declination of the Luminaries becomes 
greater. Which plainly appears, if we 3 

em 
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them to be in the Poles; for then the Axis of the 
ſpheroidical Figure coincides with the Axis of the 
. and all the Sections that are parallel to 
the Equator, are ndicular to the Axis of the 
— and therefore circular. So that the 
ater, in every Circle of Latitude, will have 
every where the ſame Elevation; and ſo in the 
Motion of the Earth, the Height of the Sea is 
not chang'd in particular Places. If the Lumi- 
naries recede from the Pole, it is eaſy to ſee, that 
the Agitation will be more and more encreaſed, till 
it be the greateſt of all, when * _ revolves 
about a Line perpendicular to the Axis, fu 
the Axis of the Spheroid to be in he — 
of the Equator. 

Hence it is plain, why in the Syzygies near the 1795. 
Equinoxes, the Tides are obſerv'd to be the greateſt, 
when both the Luminaries are in or near the 
Equator. 

The Actions of the Moon and Sun are greater, the 1796. 
leſs thoſe Bodies are diſtant from the Earth (1739. 
1775.) 3 but when the Diſtance of the Sun is leſs, 
and it is in the Southern Signs, often both the 
greateſt Equinoctial Tides are obſerv'd in that 
Situation of the Sun; that is, before the Vernal, 
and after the Autumnal Equinox, which yet does 
not happen every Year uſe ſome Variation 
may ariſe from the Situation of rhe Moon's Orbit, 
and the Diſtance of the Syzygy from the Equinox. 

in Places diftant from the Equator, as the Lumi- 1797. 
naries recede from the Equator, the Elevations that — You. 
happen the ſame Day are unequal. Let PP be the NR. 7: 
Axis of the Earth, EE the Equator, LJ a Circle 
of Latitude; AB the Axis of the ſpheroidical 
Figure which the Water forms: When a Place in 
the Circle L. is given at L or J, it is given in the 
ſame Meridian with the Axis of the Spheroid, and 
the Water is moſt elevated in both Caſes: yet 7 
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L it is more elevated than at J; for CL exceeds 
C1, which Lines meaſure the Heights of the Wa- 
ters, that is, their Diſtances from the Centre : 
Theſe Lines wou'd be equal if AL and BI (which 
are the Diſtances from the Axis of the Spheroid) 
were equal. But C is lefs, becauſe BJ exceeds 
AL, which ariſes from the Inclination of the Axis 
of the Spheroid to the Equator. 

As long as the Moon is on the ſame Side of the 
Equator in any Place, that is, towards the Line C A 
continued out, the Elevation of the Water is obſerv d 
to be the greateſt every Day, after the Moon has 
paſs'd the Meridian of the Place; for there is the 
greateſt Elevation when the Place is come to L; 
but if the Equator ſeparates, or is between the Moon 
and the Place, of which we ſpeak, that is, if it be 
towards the Part of the Line C B continued, the 
Water will come again to the greateſt Height at L, 
and every Day, the greateſt Elevation of the Sea will 
be, after the Moon has paſs'd through the oppoſite Meri- 
dian. 

All Things which have been hitherto ex- 
plain*'d would exactly obtain, if the whole Sur- 
face of the Earth was cover'd with Sea; but 
ſince the Sea is not every where, ſome Changes 
ariſe from thence, not indeed in the open Sea 
becauſe the Ocean is extended enough to be ſub- 
ject to the Motions we have ſpoken of. But the 
Situation of the Shores, the Streights, and many other 
Things depending upon the particular Situation of the 
Place, diſturb theſe general Rules. Yet it is plain 
from the moſt gencral Obſervation, that the Tide 
follows the Laws wich we have explain'd. What 
remains is to determine the Forces with which the 
Sun and Moon act upon the Sea, that ſo it ma 
appear, they are able to produce the Effects which 
we have mention'd ; and that the Actions of thoſe 


Bodies upon Pendulums and other Bodies are in- 
f-r.tble. 


The 
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The Increaſe or Addition of the Gravity of the 1801. 
Moon in the Quadratures, from the Action of the 
Sun, is to the Gravity of the Moon towards the 
Earth, as 1 to 178, 73 (1675.). In which Com- 
putation we have ſuppoſed the mean Diſtance of 
the Moon from the Centre of the Earth to be 60 
Semidiameters of the Earth (1669.); therefore the 
Gravity of the Moon 1s to the Gravity on the 
Earth's Surface, as 1 to 60 x 60 = 3600 (1573.). 
Therefore the above-mention*d Increaſe is to tlie 
Gravity on the Earth's Surface, as 1 to 643428, 
in which Computation there is an Error to be cor- 
rected. 

This Computation wou'd be exact, if the In- 
creaſe of which we ſpeak, was to the Force, with 
which the Earth deſcends towards the Sun, as the 
Diſtance of the Moon (which is 60 Semidiameters 

of the Earth) to the Diſtance of the Earth from 
the Sun (1671.); but it is as the true mean Di- 
ſtance of the Moon 60 Semidiameters of the 
Earth, to the Diſtance of the Earth from the 
Sun. Wherefore the Encreaſe that we have juſt 
determin*d, ought to be the 735th Part encreaſed, 
and will be to the Force of Gravity on the Earth's 
Surface, as 1 735 to 643428, or as 1 to 638110. 

This Encrtaſe of the Gravity of the Moon in 
the Quadratures from the Action of the Sun, is to 
the Encreaſe of the Gravity of the Water on the 
Earth's Surface, in Places which are 9o Deg. di- 
{tant from the Sun, (from the ſame Action of the. 
Sun) as 60 4 to 1 (1672.). Therefore this Encreaſe 
of the Gravity, is to the Gravity of the Water, as 
1 to 38605679. The Diminution of the Gra- 
vity under the Sun, and in the oppolite Place is 
double this Encreaſe (1681.) ; therefore it is to the 
Gravity as 1 to 19302839, and the whole Change 1802. 
in the Gravity, ariſing from the Action of the Sun, 
is to the Gravity itſelf as 1 to 12868560, 
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In order to compare the Action of the Moon 
with that of the Sun, Experiments muſt be made 
at thoſe Places, in which the Sea has a ſenſible 
Height, by reaſon of its Narrowneſs. Near Briſtol, 
at the Autumnal and Vernal Equinoxes, when 
the Sea's Agitation is the greateſt (1795.), the 
Water riſes in the Syzygies 45 Feet more or leſs; 
and in the Quadratures about 25 Feet, which 
Numbers are to one another, as 9 to 4. 

The Determination of the Forces, which we 
would find, if the greateſt and leaft Elevations 
were exactly at the Time of the Syzygies wou'd 
be very eaſy, which we have ſhewn before not to 
happen ſo (1793.). 

But the Diſtance of the Moon from the Sy- 
zygy, or the Quadrature, is not always the ſame 
in the greateſt or leaſt Elevation; for this Diſtance 
varies, becauſe the Moon is ſometimes more, and 
ſometimes leſs diſtant from the Meridian, when it 
goes through the Syzygy or Quadrature, to which 
the aforeſaid Obſervations ought to be referred. 
The mean Diſtance of the Moon from the Syzygy 
or Quadrature, to which the Obſervations atore- 
faid may be referred, is about 18 Deg. 30 Min. fo 
that the whole Action of the Sun, neither con- 
ſpires with the Action of the Moon in the Sy- 
Zygics, nor acts contrary to it in the Quadratures. 
Alſo in ſuch a Caſe, if at the Syzygy both the 
Luminaries be in the Equator, in the ſaid Diſtance 
from the Quadrature, the Declination of the 
Moon is 22 Deg. 13 Min. more or leſs; whereby 
the Force of the Moon to move the Sea is dimi- 
niſn'd (1794.). Beſides, ceteris paribus, the Di- 
ſtance of the Moon from the Earth at the Syzy- 
gies is leſs than at the Quadratures (1697. 1698.); 
whence alſo the Action of the Moon is diminiſh'd 


1304.at the Quadratures (1796.): By attending to all 


which, we diſcover, that the mean Force of tbe Sun 
20 move the Sea, is to the mean Force of the Moon to 


move the ſame, as 1 to 4,4815. But the Force 2 
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the Sun is to the Force of Gravity, as 1 is to 
12868560 (1802.); wherefore the Force of the 
Moon is to the ſame Force of Gravity, as 1 is zo 
2871485. From whence 1t follows, that theſe 1805. 
Forces of the Moon and Sun are too ſmall, to be 
ſenſible in Pendulums and other Experiments ; but 
it is eaſily prov'd, that they are capable of agita- 
ting the Sea. | 

By diminiſhing the Gravity the eth Part, the 
Sea is rais'd to the Height of 86585 Rhynland 
Feet (1751. 1753.). For each Perch contains 12 
Feet: Whence, by the Rule of Proportion (1802.), 1806. 
we find that the Action of the Sun changes the Height 
of the Sea two Feet, and that the Action of the Moon 
changes it 8,74 Feet (1804); and that from the 1807. 
join'd Action of both, the mean Agitation is of about 
eleven Feet, which agrees pretty well with Obſer- 1808. 
vations for in the open Ocean, as the Sea is more 
or leſs open, the Water is rais*d to the Height of 
Six, Nine, Twelve, or Fifteen Feet; in which 
Elevations alſo there is a Difference ariſing from 
the Depth of the Waters. But thoſe Elevations 
which far exceed theſe, happen, where the Sea 1809. 
violently enters into Streights or Gulphs; where the 
Force is not broken, till the Water riſes bigher. 


CHAP. XX. 
Of the Moon's Denfity and Figure. 


HE Forces of the Sun and Moon, for gi- 18:0. 
ving Motion to the Sea, are to one another 
in a Ratio compounded of the Ratio of the Quan- 
tities of Matter in theſe Bodies (1572.), (for all 
the Particles of Matter act) and the inverſe Ratio 
of the Cubes of the Diſtances of the Sun and 
Moon from the Earth (1775. 1787. 1793-). 
The Quantities of Matter are in a Ratio com- 


pounded of the Ratio of the Bulks, chat is, 2 
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the Cubes of the Diameters, and the Ratio of the 
Denſities (444. 90.) z wherefore the Forces above- 
mention'd, are directly as the Denſities and the 
Cubes of the Diameters, and inverſly as the Cubes 
of the Diſtances. | | 

The apparent Diameters of Bodies, that is, the 
Angles under which they are ſeen, encreaſe as the 
Diameters themſelves, and diminiſh as the Di- 
ſtances ; that is, they are directly as the Diame- 
ters, and inverſly as the Diſtances ; therefore the 
Ratio compounded of the Ratio's of the Cubes of 
the apparent Diameters of the Sun and Moon, and 
of the Ratio of the Denſities, will be the Ratio 
of the Forces, whereby thoſe Bodies act upon the 
Sea. Therefore the Denſities of thoſe Bodies are 
directly as the Forces, whereby they move the Sea, 
and inverſly as the Cubes of their apparent Diame- 
ters And dividing the Forces by the Cubes of 
_ Diameters, you have the Ratio of the Den- 

ries. 

The Force of the Sun is to the Force of the 


Moon, as 1 to 4,4815 (1804.) ; the mean appa- 


rent Diameter of the Sun is 32 Min. 12 Sec. and 
the mean apparent Diameter of the Moon 1s 31 
Min. 16 1 Sec. that is, they are to one another, as 
3864 is to $753. Therefore the Denſity of the Sun is 
to the Moons Denſity, as 10000 is to 48911: Which 
Denſity of the Moon may be compar'd with the 
Denſities of Jupiter, Saturn, and the Earth (1633.), 
and the Moon is denſer than the Earth. 

The Quantities of Matter in two Bodies are to 
one another in a Ratio compounded of the Den- 
ſities and Bulks (444. 90.) : that is, if the Bodies be 
Spheres, in a Ratio compounded of the Denſities ' 
and the Cubes of the Diameters. 

The Denſities of the Moon and Earth, are to one 
another, as 48911 to 39539 (1812. 1633.); the 
Diameters are as 20 to 73 (1334.) : Therefore the 
Quantities of Matter in thoſe Bodies, are as 1 to 


39531 
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39,31. Though the Denſities be diſcover'd, if 
y ou ſuppoſe te Bodies to be homogeneous, yet the 
Quantities ot Matter will be rightly defn'd, 

when the Bodies are not homogeneous: For we de- 

termine the Denſity which that Body would have, 

if the Matter of which the Body really conſiſts, 

was equally diffus'd all over it. 

The Gravities on the Surface of the Earth and Moon 1814. 
are determin'd, by multiplying the Denſities by 
the Diameters (1599.), that is, they are to one 
another as 431 to 146. Which Numbers alſo ex- 
preſs the Relation of the Gravity on the Surface 
of the Moon, with the Gravity on the Surface 
of the Sun, Tupiter, and Saturn (1631.). 

The common Centre of Gravity of the Moon and 1815. 
Earth, about which both Bodics are moved, is de- | 
termin'd ; for its Diſtance from the Centre of the 
Earth, is to the Diſtance between the Centres of both 
Bodies, as the Quantity of Matter in the Moon, is 
to the Quantity of Matter in both Bodies (266, 
267.) 3 therefore 40,131, is to 1, as the Diſtance 
of the Moon from the Earth, 1s to the requir'd 
Diſtance of the Centre of Gravity from the Centre 
of the Earth, which is found to be 2541644 Per- 
ches, as is deduc'd from the known Diameter of 
the Earth (1333.), and the Diſtance of the 
Moon. 

To determine the Figure of the Moon, we muſt 1816. 
examine what Figure it wou'd have if it was fluid 
(1743.). If we conſider the Moon alone at reſt, 
it would be ſpherical (1744.): If we conſider the 
Action of the Earth upon the Moon, the Moon 
wou'd acquire the Figure of a Spheroid, whoſe 
Axis would go through the Earth (1777.). The 
Force of the Earth for changing the Figure of 
the Moon, is to the Force of the Moon upon the 
Earth, as 39,31 is to 1 (1813.1572.)z and as 
the Diameter of the Moon to the Earth*s Diame- 
ter (1775.1739.), which are to one another, as 
20 to 73, and is as a Ratio compounded of theſe 
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10,77 to 1, This Force of the Moon is to the 
Gravity upon the Earth's Surface, as 1 to 2871485 
(1805.) ; which Gravity on the Earth'sSurface, is 
to the Gravity on the Surface of the Moon, as 
431 is to 146 (18 14.); or as 2871485 to 9731663 

1317. wherefore the Action of the Earth for changing the 

| Moon's Figure, is to the Gravity upon the Moon's 
Surface, as 10,77 10 973166, or as 1 to 90359, 
the Gravity being chang*d on the Earth's Surface 
by the 35357-th Part, the Water is raiſed 847 
Feet (1805.1807.); and therefore, if the Gravity 
was to be chang'd ze Heth Part, the Elevation 
wou'd be 278 Feet, as is found by the Rule of 
Proportion. If keeping this Diminution of Gra- 
vity, we conſider a leſs Body, this Height muſt 
be diminiſh'd in proportion to the Diameter; 
therefore, from the Action of the Earth, the E- 
levation of the Moon is 76,13 Feet: and if the 
Moon be homogeneous, there will not be an Equili- 

1818. brium, unleſs the Axis of the Spheroid exceeds the Di- 
ameter which is perpendicular to it by 153,27 Feet. 

1819. The Elevation of the Moon from the Action of the 
Earth, may be diſcover'd by one ſingle Proporti- 
on, by knowing the Elevation of the Sea from the 
Moon's Action; for theſe Elevations are in a du- 
plicate inverſe Ratio of the Gravities on the Surface of 
thoſe Bodies. 

1820. If, ſuppoſing this to be the Figure of the Moon, 
we conc:ive the Parts to cohere, there will not be 
an Equilibrium between the Parts of the Moon, un- 
leſs the Axis of the Spheroid be directed towards 
the Earth; whence we fee the Reaſon why the 
Moon always turns the ſame Face towards the Earth; 

1821. by which continual Agitation, the Moon hath, at 

| kit, acquir'd be Motion about its Axis, of which 

we have before ſpoken (1327.1449.): Which Mo- 
tion muſs — — be perform d in the ſame 

Time as the Moon performs one Revolution ; for 

from the Actions abovementioned, it muſt 
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neceſſarily adapt itſelf to ſuch a Celerity; for if 
the Celerity was greater, it wou'd be continually 
retarded by the Force whereby the ſame Face is 
always directed towards the Earth; if this Cele- 
rity was leſs, it wou'd be continually accelerated. 
Yet this Force is not great enough, ſenſibly to di- 
ſturb the Equability of the Motion acquir*d about 
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the Axis every Revolution: Therefore the Motion 1822. 


about the Axis is equable, tho" the Moon be moved 
in its Orbit by an unequal Motion (1323.). The 
Poſition alſo of the Moon's Axis, cannot be ſo 
changed by the Force abovementioned, as to be- 
come pe ndicular to the Plane of the Orbit, 


when its Inclination is chang'd (1730.); therefore 1823. 


the Axis of the Moon is ſometimes inclin d 1 the 
Plane of the Orbit, as we have before ſhewn 
(1450.). 


The End of the Fourth Book. 
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A. 

CCELERATION of beavy Bodies, 

p. 45. n. 182, and fol. 
of Bodies rolling down upon an inclined Plane, 

p. 48. n. 195, and fol. 
Actions of Preſſares or Pow:y5, p. 15. n. 62, and fol. 
Acolipile, p. 198. n. 789, and fol. 
Air, p. 164. n. 617. 
— the Properties thereof, p. 164. n. 621, and 

Fol. p. 166. n. 630, and fol. 
— it is the Vehicle of Sound, p. 183. n. 702 
its Action upon Fire. See Fire. 
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Air-Pump, p. 173. n. 659 
Altitude, or Height of he Stars, p. 340. n. 1462 
of the Pole, p. 342. n. 1485 
Amplitude of the Stars, P. 340. n. 1461 
— of 4 Projection, p. 58. n. 237 
Angle of Incidence, p. 98. n. 388 
— of Reflexion, p. 98. n. 389 
of Refraftion, p. 219. n. 906 
Apheliums of Planets, p. 307. n. 1292 
Apſides of the Planets, p. 317. n. 1294 
Tte Line of the Apſides, p. 307. n. 1295 
Aſteriſms, p. 355- n. 1555, and fol. 
Atmoſphere, p. 164. n. 618 
the Shadow of it, p. 330. n. 1414, 1415 
Attraction, 5 p. 11. n. 39 
be Laws of it, ibid. n. 40 
—— from Gravity, p. 360. n. 1575 
The Space of Attraction, p. 221. n. 914 
Auges. Sec Apſides. 
Axis of a Planet, p. 309. n. 1306 


The Motion of the Axis of the Earth. See the 
Præceſſion of the Equinoxes, 


Axis 


I N D E X: 


Axis in Peritrochio, p. 28. n. 127, and fol. 
of a Balance, p. 21. n. 95 
B. 
Balance, p- 21. n. 94, and fol. 
Black Bodies grow warm ſooner than Bodies of o- 
ther Colours, p. 299. n. 1251 
Body: {ts Properties, P. 2. n. 4. and fol. 
is moveable, P. 4. n. 12 
Bonouian Stone, p. 196, mn 776 
C. 
Calcination, p. 208. n. 846, and fol. 


| p. 209. n. 859, and fol. 

Camera obſcura, p. 238. n. 993. p. n. 1113 

Cavities formed in /oft Bodies, p. 78. n. 316, and fol. 
The Times in which they are formed, 

p. 80. n. 324, and fol. 

Celerity. See Velocity. 


Centre of a Balance, P. 21. n. 96 
—— of Gravity. P- ZI. n. 96 

of Oſcillation, p. 55. n. 224, and fol. 
Central Forces, p. 63. n. 247, and fol. 
Centrifugal Force, p. 63. n. 249 
Centripetal Force, ibid. n. 249 
Coheſton of Parts; p. 10. n. 28; and fol. 
Cold, p. 213. n. 885, and fol. 


Colliſion. See Percuſſion. 
Colours of Bodies, p. 297. n. 1246, and fol. 
of Rays, p. 279, n. 1173; and fol. 
—— of thin Plates, and their Affectious, 
p. 208. n. 846, and fol. p. 291. n. 1219, and fol. 
Combuſt ion of Bodies, p. 208. n. 846, and fol. 
| p. 209. n. 860, and fol. 
Comets, p. 314. n. 1336, and fol. 
The Explanation of the Motion of Comets, 

: p. 391. n. 1659 
Conjunction of the Celeſtial Bodies, p. 314. n. 1336 
Conſonances, p. 187. n. 725, and fol, 
Conſonances of Wires or Strings, 

p. 188. n. 733, and fol, 
Ft3 — Mo- 


I N D E X. 
Motion communicated to others, 
p. 730. n. 737, and fol. 


Cycloid, of 52. N. 211, and fol. 
Day, artificial, P- 347. n. 1509 
— Lunar, p. 424. n. 1779 
| Natural, p- 346. n. 1501 
Declination of a Star, p. 335. n. 1436 
Degrees of Latitude increaſe as you come nearer to the 

Poles, p. 420. n. 1759 
Denſity, P. 115. n. 438 
The Compariſon of Denſities, 


P. 120. n. 469, and fol. 
The Denfitics of the Planets, P. 383. n. 1633 
Dilatation by Heat, p- 196. n. 778, and fol. 
Direction of Motion, p. 15. n. 60 
Ditone. See Conſonance. 
Diviſibility of Matter, p. 3. n. I 1. p. 7. n. 20, and fol, 


Drop, ſpherical, p. 11. n. 41. 
E. 

The Earth, p. 310. n. 1317 

Eaſt, P. 340. n. 1459 

— its Diameter, P- 313. N. 1333 


the Phænomena of its Motion, 


p. 319. n. 1353, and fol. 
p. 335- n. 1433, and fol. 


Echo, p. 190. n. 743, 744 
Eclipſe of the Moon, See Moon. 

Eclipſe of a Satellite, p. 327. n. 1390 
e the Sun. See Sun. 

Ecliptick Line, P. 319. n. 1356 
Plane of the Ecliptick, p. 393. n. 1297 
Elaſticity, 1. 8. 46 
—— perfett, p- 90. n. 364 
The Laws of Elaſticity, p. 102. n. 396, and fol. 
The Elaſticity from Heat, p. 198. n. 788 


The Elaſticity of Fibres, p. 102. n. 396, and fol. 
The Ekſticit of Plates of Metal, p. 107. n. 416 
Electricity, p. 200. n. 794. a. 797, 798, 

p. 201. n. 801, and fol, 


Ellipſis, 


INDE X. 


Ellipſis, p. 68. n. 273 
Elongation of the Planets, p. 321. n. 1369 
The greateſt Elongation, ibid. n. 1370 
Equation of Time, p. 347. n. 1507 
Equator, p. 335. n. 1433. P. 341. n. 1472 
Equilibrium of a Balance, p. 22. n. 101 

of Oblique Powers, p- 35. n. 152 
Equinox, p. 348. n. 1515, 1516 

its Preceſſion, p. 354. n. 1551 


Evaporation, p. 198. n. 787. p. 208. n. 846 
Excentricity of the Planets, P. 307. n. 1289 
Extenſion, p. 3. Ne 9. p. 4. n. 15 
Extinction of Fire, P. 211. n. 871, and fol. 


Eye explained, p. 238. n. 995 
Changes in the Eye, P. 241. N. 1002, and fol. 


The Defett of old Eyes corrected, p. 250. n. 1043 
The Defett of ſbort-ſighted Eyes corrected, 


p- 250. n. 1041 


F. 
Fibres, their Motion, p- 105. n. 410, and fol. 
Figurability of a Body, p. 4. n. 14 
Fire, its Properties, p- 193. n. 750, and fol. 
—— wherein it is, p- 192. n. 747, 


— Tokens of it, p. 192. n. 747. p 196. n. 778 
The Action of the Air upon Fire, 


pi. 206. n. 837. p. 211. n. 874, and fol. 
A Fifth. See Conſonance. 


Flame, P- 28. n. 855 
why it is Pyramidal, p- 209. n. 856 
Fluid, p. 10. n. 35 
Elaftick Fluids, p-. 170. n. 642, and fol. 
how produced, ibid. n. 643, and fol. 


— they conſiſt of ſeparate Particles, p. 173. n. 658 
Wherein Fluids agree with Solids, p. 11. n. 424 
Fluids /pouting vertically, p. 125. n. 483, and fol. 
— ſpouting obliquely, p- 128. n. 493, and fol. 
—— ſpouting out of Veſſels, p. 128. n. 499, and fol. 
Properties of Fluids. p- 110. n. 424, and fol. 
— its Actions upon the Bottoms and Sides 1 4 
els p- 313. n. 432, ol. 
4 Ff4 3 
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the boiling of it by the Action of Fire, p. 207. n. 840 


— its Motion, p. 123. n. 479, and fol. 
in aCurve Tube, p. 146. n. 548, and fol. 
—— Reſiſtance, p. 149. n. 554, and fol. 
Retardation, p. 125 


Fluidity, from whence it proceeds, P. 110. n. 423 
whether it depends upon Heat, p. 198. n. 785 


Full Moon, p. 329. n. 1400 
Focus, p. 224. n. 928 
imaginary, | P- 224. n. 930 
Force of Activity, p. 4. n. 12. p. 41. n. 170 
p- and fol. 

Compariſon of Forces, p. 75. n. 300, and fol. 
Deſtruction. p. 77. n. 309, and fol. 


P. 81: n. 338, and fol. 
A Fourth. See Conſonance. 


Fuſion, p- 198. n. 784. p. 208. n. $47 
G. 

Glaſs appears Lucid by Attrition, p. 200. n. 796 
. 201. N. 800 

Burning-Glaſs, p. 226. n. 938 
Gravity, p. 19. n 84, aud fol. p. 359. n. 1575 1, and fol. 
reſpect ive, P- 118. n. 455 

— ſpecifical, p- 15. n. 441 
univerſal, P. 359. N. 1571, and fol. 

in the Surface of the Planets, p. 383. n. 1631. 
Hard Bodies, p. 10. n. 33 
Hcat, p. 194. n. 763, and fol. 
P. 204. n. 816, and fol. 

The Heavens, p. 316. n. 1343, and fol. 
Heavy Bodies do not tend towards the Centre of the 
Earth, p. 419. n. 1756 
Heterogeneous Boah, P. 113. n. 440 


Heterogeneous Rays. See Rays. 
Homogeneous Rays. See Rays. 
Horizon, p. 339. n. 1453. 
L 
Inclined Plane, P- 39. n. 163, and fol. 
4 un- 


IN D E X 


Immerſed Bodies, 116. n. 447, and fo}. 
The Inertia, or Inactivity of Bodies, p 4- n. 13 
Infinite Space, P. 6. n. 17 
Claſſes of Infinites, P- 7. n. 23 
The Intenſity of Preſſure, P- 16. n. 68 


Judgment of the Magnitude of the Sun and Moon 


when they are near the Horizon, p. 245. n. 1021 
Jupiter, | p. 310. n. 1319 
— its Denſity, p- 388. n. 1633 

Frgure, | P. 416. n. 1748 
—— Phenomens, p- 334. n. 1429 
—— Moeight, p- 383. n. 1629 
—— Force acting upon Mars, p- 390. n. 1653 

Force acting upon Saturn, p. 388. n. 1646 


Gravity on its 8 p- 383. n. 1631. 


Latitude of a Cœæleſtial Body, p. 320. n. 1362 


of a Place, p. 342. n. 1476 
Circle of Latitude, p. 342. n. 1477 
Laws of Nature, p. 2. n. 4. p. 10. n. 38. 

p- 41. n. 168. p. 42. n. 171. p. 284. n. 1193, and fol. 
Glaſs Lenſe, p. 233. n. 971 
Afﬀedion of Lenſes, P- 234. n. 974, and fol. 

See Viſion. 

Eye Lenſe, or Glaſs, p- 253. n. 1052 
Object Lenſe or Glaſs, ibid. 
Lever, p.25.n.118, and fol. 
Light, p- 194. n. 765, and fol. 
— its Inflexion, p. 215. n. 893, and fol. 
— its Motion, P. 210. n. 868 


——— Ray of Light. See Ray. 

— its Reflexion. See Reflexion. 

— Refraftion. See Refraction. 

its Velocity indifferent Mediums, p. 221. n. 915 
Longirude of an heavenly Body, p. 320. n. 1360, and fol. 


of a Place, p- 342. n. 1480 
A Lucid Body, Pp. 194. n. 765. p. 195. n. 774 
Lunation, P- 328. n. 1395. 


M- 


I N D E X. 


M. 
Simple Machines, p. 25. n. 118. p. 43. n. 175 
p. 29. n. 132. p. 30. n. 135. p. 32. n. 142, 143 
Compound Machines, p. 34. n. 147, and fol. 
Various Machines, whoſe Effects depend upon 
the Action of the Air, p. 174. n. 662, and fol. 
Apparent Magnitude, See Sight. 
Mars, 310. n. 1318 
The Phenomena of Mars, p. 334, and fol. n. 1429 
The Celeftial Matter very ſubtile, p. 374. n. 1615 


it does not move Bodies, p. 373. n. 1614 
The Duantities of Matter in the Planets, p.38 3. n. 1629 
The Medium of Light, p- 217. n. 897 
Melted Bodies. See Fuſion. 
Month Lunar, p. 328. n. 1394 
Synodical, ibid. n. 1395 
Mercury, p. 310. n. 1315 
— its Phenomena, n. 321. 368, and fol. 
Meridians, p. 335. n. 1434, and fol. 
p. n. 1472, and fol. 
Firſt Meridian, p. 342. n. 1479 


Meridian Line, p. 340. n. 1458 
Microſcope, p. 252. n. 1046, and fol. 
—— it magnifies more when compounded, 

P. 252. N. 1051 


Milky-Way, p. 357. n. 1564, and fol. 
Moon, p. 311. n. 1324, and fol. 
P. 313. n. 1334. p. 328. n. 1392, ana fol. 
The Denſity of the Moon, p. 432. n. 1812 
—— Eclipſe, p. 330. n. 1404, and fol. 
Figure, p. 434. n. 1818 

Gravity on its Surface, p. 433. n. 1814 
—— Light, p. 196. n. 777 
— The Phyſical Explanation of the Motion of the 

Moon, p. 393. n. 1663, and fol. 


— iis Phenomena, Pi. 328. n. 1392, and fol. 
p. 337. n. 1449, and fol. 


m— its Weight, P. 432. n. 1813 
Motion, p. 14. n. 49 
Accelerate, P- 45. n. 180 


I N D EX. 


— Apparent, P. 315. n. 1342 
p. 318. n. 1348, and fol. 

— Compound, p- 42. n. 174 
RT TID P- 94+ N. 379, and fol. 

— Continuation, p- 46, n. 168 
Direction, p. 15+ n. 60 


——- Diurnal, p.334. n. 143 f. p. 335. n. 1437, and fol. 
— of Fluids. 2 Fluid. n 4 
e heavy Bodies, p- 45. n. 182, and fol. 
in Antecedentia, P. 238. n. 1034 
— in Conſequentia, ibid. n. 1303 
Las, p. 41. n. 168. p. 42. n. 17 1. p. 43. n. 175 
—— — of Light. See Light. 


relative, p. 14. n. 53 
—— Reſolution, p. 95. n. 363 
— retarded, p. 45- n. 181 
true, p. 14. n. 53. 

N. | 
Nadir, p. 339. n. 1457 
Natural Things, p. I. n. 1 
The Nodes of the Planets, p. 308. n. 1298 
The Line of the Nodes, p. 308. 1299 
New Moon, p- 329. n. 1399 


Two Nubeculæ in the Heavens, p. 357. n. 1566 
O. 


Octave. See Conſonance. 

Opacity, P- 272. n. 1140, and fol. 

Opaque Body, P. 237. N. 990. 

Oppoſition of the Celeſtial Bodies, p. 321. n. 1367 
P 


Parallax of the Stars, P. 340. n. 1464, and fol. 


annual, p. 34. n. 1552. P. 355. n. 1553 
Subtility of Parts. See Subtility. 


Pellucid Bodies, | p-. 271. n. 1136 
Pendulum, P. 51. n. 208 

Compound, P. 55- n. 224 
The Motion of Pendulums, p. 51. n. 209, and fol. 
Penumbra, p. 332. n. 1417 
Percuſſion of Bodies, Pp. 80. n. 326, and fol. 
uo Bodies, P. 81. n. 332 
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n— of Elaſtick Bodies, p. 90. n. 365, and fol, 


—— of ſoft Bodies, p. 82. n. 341, and fol. 
Compound, p. 10k. n. 393 
— Direft, a p 80. n. 329 
— Oblique,p. $1. n. 330. p. 98. n. 390, and fol. 
Perihelia of the Planets, p. 307. n. 1293 
Natural Phænomena, p. I. n. 2 
Phoſphorus of Urine, p- 203. n. 810, and fol. 
Phoſphorus in a Vacuum, P. 213. n. 884 
Place, p. 14. n. 30, and fol. 
Relative, ibid. n. 

w— True, ibid. n. 51 
Phyſicks, P. 2. n. 3 
Planets, P- 306. n. 1284, and fol. 
Inferior, p. 311. n. 1321 
— Phenomena, P-. 321, and fol. 
— Primary, p. n. 1283, 1287, and fol. 
— Secondary, pi. ibid. n. 1286 
p. n. 1323, and fol. 

— Superior, p. 311. n. 1321 
The Diſtances of the Planets, p. 3 10. n. 1315, and fol. 
— Dimenſions, p. 313. n. 1332, and fol. 


Agures determined, p. 415. n. 1743, and fol. 
| Phyſical Explanation of their Motion, 


p. 38. n. 1637 

Points of Suſpenſion, p- 21. n. 97, and fol. 
Points of Reſt inStrings in Motion, p 190. n. 740,741 
Pole, Antar#ick, p. 337. n. 1447 
Artlict, . ibid. 

Poles of the Ecliptck, p. 320. n. 1363 
of the World, p. 334. n. 1430 

of a Planet, p. 309. n. 1310 

Polar Circles, p. 337. n. 1448. p. 341. n. 1472 
Power, p. 15. n. 61, and fol. 
Oblique, p. 35. n. 151, and fol. 


Preceſſion of the Equinox. See Equinox. 
Preſſure. See Power. See allo, p. 72. n. 287, and fol. 
Projection of heavy Bodies, p. 37. n. 233, and fol. 
Pump, P- 175. n. 663 
Pulley, P- 21. n. 92. p. 29. n. 131, 8 
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R. . 
Radiant Point, | p- 223. n. 923 
Rain- Bow, p. 289. n. 1211, and fol. 
Ray of Light, | P- 215. n. 892 
Rays Converging, p. 224. n. 926 
Diverging, p- 223. n. 921 
Heterogeneous, p. 275- n. 1159 
Homogeneous, p. 275. n. 1158 


they move in Curve Lines in the Air, 


p- 331. n. 1413 


Ray incident, p- 219 n. 904 


reflected, P- 257. n. 1072 
refracted, P- 219. n. 905 
Re- action, 


p. 43. n. 175, and fol. 
Reflexion of Light, p. 266. n. 1010, and fol. 
of Sound, Pp. 190. n. 742, and fol. 
of a Wave, p. 147- n. 750, and fol. 
Refraction of Light, p. 217. n. 898, and fol. 
Reſraction of the Stars, p. 341. n. 1468, and fal. 
The Refrangibility in different Rays is different, 
p. 275. n. 1156 
in each Sort it is conſtant, p. 279. n. 1172 
the greater it is, the Rays are ſo much the 
more eaſily reflected, P. 283. n. 1189 
it is different in the Particles of different 
Bodies, | p. 3OZ. n. 1268, and fol. 
Repulſion of Parts, P- LI. n. 40. p. 13. n. 45 
Reſiſtance. See Re- action. 


of Fluids, See Fluids, 
Retardation of heavy Bodies, p. 47. n. 189, and fol. 


P. 202. n. 205, and fol. 
of Bodies moved in Fluids, 


P- 155.n. 781, and fol. 
4 Body aſcending or deſcending in a Fluid, 


P- I 59. n. 604, and fol. 
of 4 Pendulum in a Fluid, 


| p. 160. n. 609, and fol. 
Ring of Saturn, p. 311. n. 13 20. p. 328. n. 1391 
Riſing of the Stars, p- 339. n. 1454 
River, P. 137. n. 519 

— 1e 
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s Courſe, p- 148. n. 522, and fol, 
its Velocity is meaſured, p.141.n.53 3, and fol, 
Rules for reaſoning in Pbilgſophy, p.3· u. 6, 7, 8 
for the Collifion of Elaſtict Bodies, 


8 P. 93. n. 373, 374. 
Sagitta of a bent Wire, p. 102. n. 400 
Satellites. See ſecondary Planets. 
Saturn, p. 311. n. 1320 
its Denſity, p. 383. n. 1633 
Gravity upon the Surface, p. 383. n. 1631 
—— Phenomena, p. 325. n. 1381 
=— Height, p. 383. n. 1629 
Force upon Jupiter, p. 390. n. 1650 
Screw, p. 32. n. 142, and fol. 
— perpetual, p. 32. n. 149 
Seaſons of the Tear, P- 352. n. 1540, and fol. 
Section of a River, p. 137. n. 521 
Seſquiditone. See Conſonance. 
Settirg of the Stars, p. 346. n. 1460 
Signs of the Zodiack, See Zodiack. 
Shining Wood, p. 206. n. 838 
Short - ighted. See Eye. 
Siphon, p. 174. n. 662 
Soft Body, p. 10. n. 34 
Solidity of Matter. Pp. 3. n. 10. p. 5. n. 16 
Solſtice, p. 348. n. 1517 
The Sun, | p. 310. n. 1314 
its Denſity, p. 383. n. 1633 
Eclipſe, p- 329. n. 1403, 1405, 


p- 330. n. 1407. p. 332 n. 1416, and fol. 

C Gravity upon its Surface, p. 383. n. 1631 
Phenomena, p. 319. n. 1353, and fol. 
P. 334. n. 1428 


Weight, p. 383. n. 1629 
Sound, p. 183. n. 698, and fol. 
its Velocity, p-. 184. n. 709, and fol. 
Intenſity, p. 186. n. 717, and fol. 


Space. See Vacuum. 


Speculum Cylindrical. P- 270. n. 1135 
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— Plane, p. 262. n. 1093, and fol. 
Speculum ſpherical, p. 263. n. 1096, and fol. 
—berical Concave, p. 265 n. 1108, and fot, 
— ſpherical Convex, p. 264. n. 1101, and fol. 


Sphere oblique, - pe. 343. n. 1484 

Parallel, ibid. n. 1482, and fol. 

Right, P. 345. n. 1497 

Stars (ſixed), p. 306. n. 128 1. p. 355. n. 1854, and fol. 

Unformed, p. 356. n. 1561 

Nebulous, p. 357+ n. 1563 

Spots (white) in the Heavens, p-. 357. n. 1570 

Subtility ef Parts, p. 8. n. 26, and fol. 
Syphon. See Siphon. | 

Syſtem (Planetary) p. 305. n. 1280, and fol. 

its Phyſical Explanation, p. 335. n. 1637, 

and fol. 

Syzygies, P- 329. n. 1401 

Teleſcope, p. 253. n. 1057, and fol. 

Aſtronomical, ibid. n. 1058, and fol. 


proper to view Terreſtrial Objects, 
P. 254. N. 1062. p. 256, n, 1066 
why they are not more perfect, p. 28 3. n. 1188 


Tide, p. 424. n. 1779, and fol. 
it proceeds from the Action of the Moon and 

Sun, p. 423. n. 1775, and fol. 
Time, P. 14. n. 54, and fol. 
mean, p- 347. n. 1507 
relative, p. 14. n. 56 

true, ibid. n. 55 

Tone, p. 187. n. 721, and fol. 
Tropicks, P. 336. n. 1446. p. 341. n. 1472 
Speating- Trumpet, p. 190. n. 745 
Communicating Tubes, p. 112.n. 430 
Twilight, P. 347. n. 1311, and fol. 

\ "ov 

A Vacuum is poſſible, p. 4. n. 15, 16 
its Properties, P. 6. n. 17, 18 


— its Exiſtence, p. 369. n. 1609, and fol. 
Vapour, 


IN D E X. 
Vapour, p. 171. n. 650. p. 198. n. 789, axd fol. 


Velocity, p. 15. n. 57 
reſpective, p. 80. n. 326, and fol. 
Venus, p. 310. n. 1316 


its Phenomena, p. 334, and fol. n. 1429 
Vibrations of Pendulums. See Pendulum. 
— of ftreiched Wires, p. 10g. n. 40, and fol. 


- of elaſtict Plates, p. 107, n. 418 
Viſton, p. 240 n. 999, and fol. 
— Judgment of the Diſtance, p. 244. n. 1015, 

and fol. 
apparent Magnitude, p- 244. n. 1019 
Tudgrient of the Magnitude, ibid. n. 1020 
Viſion, throvzl Glaſſes, p. n. 1025, and fol. 
Uniſon. See mga > 
Wave on the Surface of a Fluid, p. 143. N 537 
its Breadth, p. 143. n. £33 
— Motion, Reflexion, &c. p. 3 f. n. 139, and fol. 
in ibe Air, p. 178. n. 664, and fol, 
Water is melted Ice, p. 198. n. 736 
Wedge, p. 30. n. 135, and fol. 
Whiteneſs, 2 284. n. 1193, and fol. 
Zenith, p. 339. n. 1456 
Zodiack, p. 320. n. 1364 

its Signs, P. 355. N. 1556 

Zones, p. 341. n. 1521, and fol. 
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